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PllE FA C E 
TO THE COMPRElIUNSIVll MATHEMATICS. 

On presoiitiug this work to the public, it may be proper to state 
Lliat it has boon designed and written mainly for the practical 
mail. It contains a vast array of Numerical, Arithmetical, and 
A[a(hcmaticat facts, tables, data, formnlas, and rules, pertaining 
to a gi'eat variety of subjects, and applicable to a diversity of ends, 
as well as much information of a more general nature, valuable to 
tliu ai'lisan, and commercial classes ; thus meeting the want^ in an 
t'lnincut degree, of the lovcra of the exact sciences, and tlie prac- 
tical wants of students in the mathematics. 

The faots and data alluded to have been gathered, with much 
care and patience, from a great variety of sources, or derived, oflen 
by toilsome investigations, from known and accredited truths. 
The care that has been taken in respoet to these, it is thought, 
sliould secnre for this particular department reliance and trust. 
■ TIic tables, which are numerous, have, with few exceptions, been 
composed and arranged expressly for the work, and a confidence 
is felt that they may be relied on for accuracy. 

Fi-om the valuable works of Dr. Ure, Adcoek, Gregory, Grier, 
Bruiiton ; from the publications of the transaotions of London, 
Edinburgh, and Dublin Philosophical Societies ; and from the pub- 
lications by the Smithsonian Institute, much valuable informaljon 
has been gained, relating mainly to machinery and (he arts ; and 
to these soui'ces the author feels indebted. 

The conciseness with which the work has been generally written 
would, perhaps, be found an objection, were it not that all the pro- 
]iositions and problems of intricacy are accompanied with exam- 
ples and iliusti'alions, and, in the matters of Geometry, additionally 
accompanied with diagrams. The whole, it is thought, wili appear 
clear to him who consults it. A prominent feature in the design 
has been to produce a useful work, and one which in the way oi 
price shall be readily accessible to all. 
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PRKFACK 

TO THE UNIVERSAL MODERN CAMBYST, AND FOREIGN 
AND DOMESTIC COMMERCIAL CALCULATOR. 



Tliia work is composed of tic first five secLions of the itutLor's 
" CoMPitEHENSiVE Matukmatics." It was thought advisable 
to publish this portion of that work in a separate form on account 
of price ; more especially as it contains all of a commercial nature 
treated of in that work. Indeed, the contents of that work were 
.arranged ospressly to this end. The Table of Contents in both 
works is 13x0 same : the work being stercotyjMjd, this could not 
well be avoided. Tlio Table of Contents, therefore, in oitlior 
work, is that of tlie " CoMPnisnEKSiVE Mathematics!" and 
the first five sections thoreofj that is, Section I., Section II., Sec- 
tion III., Section A., and Section B., is that of the " Universal 
Modem Canibyst, and Foreign and Domestic Commercial Calcu- 
lator." 



PREFACE 

TO TOE TiN-PLATE AND SHEET-IRON WORKERS' MONITOR. 

This work is composed of Section VI. of the author's " Com- 
PKE1IEK6IVE Mathematics," with portions of otiier sections of 
that work> It embraces all that is (Contained in the l^t>mcntioiit'd 
work of special interest to the Tinsmith, as such. It may i>e re- 
lied on for accuracy in all particulars, and is believed to be the 
first and only reliable work of the kind ever published. It is pulj- 
iished in separate form on account of price, and with the view of 
aflbrding apprentices and students every possible facility of obtain- 
ing it. It contains over 100 pages, nearly 60 diagrams, and sljp- 
by-step directions for constructing, mechanically, not less than 30 
unlike and different patterns, embracing all of the more dilDi'uit 
and complicated in use, and several of new and beautiful designs. 
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of Its dimensions, to find tite 

other dimension 3tG 

To oonstrnot patterns for flariiia 
oval vessels of dilferBnt eocentri- 
elties and given dimensions, Has. 

1,2,3 MB 

Todescribe the bases Kit Nos.1,3,3, Ml) 
Of Ctlindrioal £i.BOwa .... 351 
To construct a Pattern for a Bight- 
angled Cyhndriosl Elbow . . . . 3Ni 
To construot Oblique-angled El- 

To construct Uleht-angled Elliptio 

ElbovB 3M 

To constraot Obtlqae-anglcd Elbp. 

To oonetmot Bight Semt-hyperbo- 
los by Intersemng lines ■ . 3SS. 3CB 

To oonatruot the Qoadrant of a Clr- 
elobylntersectCiKilne 360 

To eonstmot the Qaadront of a 
given Ellipse by Intersecting 

To eonstmot tfie Quadrant of a Cy> 
olotdal Ellipse by Int^rscetlng 
lines sen 

To describe an Ellipse of given dl- 
menaions by means of two Posts, 
a Pencil, and a String 3110 

To find tlie length, of tho druum- 
Rireneoofa given Ellipse. ,207. 3(1 

To constract a Semi-parabola by 
inleraeotlng Hues 361 
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OVAt.a. to flestribe . 178, 850, 35a, 3M 

Table upulicAbls to Cli-cnlar El- 
bows 362 

To eoHstmctn Eielit-aneloil Cii-oii- 
l»r Biboiv of 3, 4, 5, a, 7, or 8 
p]i?ces, &c. . - 3fll 

To conetriict a Collar for a Cjiin- 
drlcal Pipe of the eame diameter 
as the receiviQg pipe .... 366 

'Co constmct a Cylludtkal Collar 
o[ a given Illnnicter to at a Re. 
fieiviiiifpliie of a fiteater given 
Dlamet^ 366 

To constroct a Cylindrical Collar 
to lit an EllIptlc-i^IliHler at either 
right BBctlon of thaBlHpse . . Wt 

To coDititnict a OjUndrlcal Collnr 
of a given Dlainetei'; to fit a C;l. 
iriQer ot the eamo Diameter, at 
any Elven Angle to tlic Pide of 
the (Jyllndor 3BT 

To conetmct a Cylindrical Collar, 
or Spout, of a ^ven Diameter, to 
tit a Cylinder of a greater given 

BideoItbeCyltnder 3G8 

Of SfoutsfobYesbblb . . . . 360 
Of Pitched or Bevelled Covers . .310 
To conBlmot a Bevelled Circular 
Cover of a giyan BlBe and given 

Diameter 371 

To constmct a Pattern for a Bev- 
elled Elliptical Cover of a dven 
liiee to III an Blllptlcal BoUei of 

L'lven Diameters 371 

To conBtracl a Bevelled Covet of a 
given Kiae. to fit a Falxs-Ovnl 
Boiler of Mveu length and width 371 

Or CiN-TopS 3TS 

Til construct a Can-Tnp of a given 

Depth and given DlametL^rs , . 37B 
To conBtrnct a Can-Top of a ^ven 
Pitch, and ^ven Dlamoteru . . 373 

To constmct a Lip fbraHeatin'ro^ 
the Diameter of the Top of tiie 
Measure being given . . . . 375 

Of Shkkt Panb 376 

To cut the Comers for a Ferpon. 
dicular-sided Sheet Pan , . . 3T0 

aided Sheet Pan 87C 

To constmct a Beait, or Heart- 
shaped Cako-Cntter 376 

To GouBttuct a Manth-pioco toi' a 

Speating-Tithe 876 

To constmct a Pattern for the Body 
of a Circa lar-bottamod Flaring 
Coal-Hod, all t1i« curves to be 
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DraviNO Belts and 

To calcnW the liocoBSai^ Length 
of an Open Belt 

To calcnlnt« the necoBSary Length 
ofaOtosaBelt 

or the relations ot the Ibices at 

qulslte breadths of the driving 
beltB, the abstract bIzcb of the 
pulleys, Ac 

To CBlculato tlic ncccB- - -' 

of a belt ... . 

To calculate the DeccBear; hreadth 
of a belt .... 

Htu. HoFPHits, to cons 
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DEFINITIONS 

OF THE SIGNS 08ED IN THE FOLLOWING WORK. 



B= Eijualto. The sifiLi of o^iuality ; as 16 oz. = I lb. 

+ Plus, or More. The sign of adriition ; as 8 + 12 = 30. 

— Mmas, or Less. The sign of subtraction ; as 19 — 8 = 4. 

X Ma&Miedby. Tlie sign of mulliplicatior ; as 12 X 8 = iKJ. 

-J- Divided by. The sign of division ; as i2 -7- 4 = 3. 

•y Differaux hetweeii i}te given numbers or i{uanlilics ; ibim, \2j'9,m 
8 J- IS, shows ihut ibe less number is to be siiiitracted from ilie 
greater, ajid the difference, or remainder, only, is to be used ; sii, 
too, hdglil J- breadth, shows that the difference between the height 
and breadth is to be taken. 

: :: : pToponion; as 3 : 4 :: 3 : 6 ; that is, as 2 ista 4, so is 3 la B. 

v* Sign cf the square root; jiretixed to any number indicates that Ihe 
square root of that number is to be taken, or employed ; aa 

vei = 8. 

^ Sign of tlie cube root; and indicates tlial the cube root of the num- 
lier to which it is prefixed is to be employed, instead of the num- 
ber itself ; as ^64 = 4. 

' To lie si/iiared, or the square of; shows that the square of tiie numbei: 
to wliicli it is affixed is the quantity to he employed ; as IS' -f- 
B ■=> 34 ; that is, that the square of .12, or 144 -J- G = 34. 

' Indicates Uial the cube of ihe number to which it is subjoined is to 
HI be used; as 4^ = 64. 

. Decimal poinl , or 3q>aralrix. See Decimal FwACTiONa. 

— — YiTiCHlvm. SignilicB that the two or more quantities over 
which it is dniwn, nro to bo taken eoUeetively, or as forming 
one quantity ; thus, 4 + tj X 4 = 40 ; whereas, without the 
lineulum, 4 -|- G X 4 = 28 ; also, 12 — 2X3 + 4 = 2 ; and 
V5a^^3_4 So, also, V (5^ — 3M =4, and {4+(i)X4 
= 40. 

4= ( half of 45 or 1 ^ 



(?)' 



half of the square of 4 J 
(the square of half the square of 4) = 



>r Hb)- (half the square ol'i.) 
(i/.)' (the square of halfn 
(2*)' (the square of twice b.) 
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SECTION I. 

MONEYS, WEIGHTS AND MEASURES, 



MONEYS OF ACCOUNT OF THE UNITED STATES. 

TiiCHO are tlio mill, the ami, the ilime, imd the dollar. 

10 mills ™ 1 Knt, 10 cents =^ 1 dime, 10 dimes = 1 dollar. 
The dollar is the unit or ultimate money of account of the United 
States, or of what ia sometimes called Federal money. 

In praeticc, the dime, as a denomination of value, is rejected. 
Thus, 

10 mills ™ I cent, and 100 cents = 1 dollar. 
This mark, $, is equitalent to the word dollar, or dollars, in this 
money. 

COINS OF THE UNITED STATES. 

Until June, 1834, the government of the United States estimated 
gold in oompariaon with silver as 15 to 1, and in ooiiipariaon with 
copper as 850 to 1. 

Fcom Jane, 1834, until February, 1853, the earns government 
estimated gold in comparison with ailvor aa 16 to 1, and in com- 
parison with copper aa T20 to 1. 

For all tune since February, 1853, this govovnmetit has estimated 
gold in comparison with silver as 14^51? ^ 'i ^"^'^ ''" comparison 
witli copper as 720 to 1. 

The stondard for mint gold with this government until 1834. 
was 11 parts pure gold and 1 part alloy, the ailoy to consist ol' 
ailver and copper mixed, not eseeeding one half copper. 

The gold corns, therefore, struck at the United States mint prior 
to 1S34, are 22 carats fine. 
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14 CUBRENCY OF TUB UNITED STATES, 

In what, until 1834, constituted a dulliir of gold coin f U I J 
States niint:if;o, thoro wore put 24.75 grains of piiro gold and 27 

f rains of tlic standard mint gold of that day wero at that tun w tl 
1. Tnronty-sevon graina of that gold, or gold of that stand 1 
aro now, by tlio proaent govornment Btandard of valuati n w tl 
$1.0052. 

The Btandiird for mint eilvor with this government unt 1 IS 4 
was 1485 parts pure silver and 170 parts pure copper, ^ 8^) 
]>artB pare silver and 1 part pure copper. 

The silver coins, thcrcioro, struck at the United States mint prior 
to 1834, arc lOMg ounces fine. 

In that which, until 1834, constituted a dollar of silver coin of 
this government's mintage, there were put 3Tli grains of pure 
silver ; and 41C grains of the standard mint silver of that day were 
at that time of the value of $1. Four hundred and sistoon graina 
of that silver, or silver of that standard, are now, hy the present 
government standard of valuation, worth $1.0744. 

The cent, until 1834, was of pure copper, and weighed 208 
grains; since 1834, pure copper, weight 168 grwna. 

The standard for mint gold with this government is now, and for 
all time sineo June, 1834, las been, 9 parts pure gold and one pirt 
alloy, the alloy to consist of wlver and copper mixed, not exceeding 
one half silver. 

The gold coins, therefore, struck at the United States mint and 
dated eubsequent to 1834, are 21| carats fine. 

The standard weight for these coins is 25% grains to the dollar ; and 
in every 25| grains of those coins there aro 23x5^ grains of pure 

The standard for mint silver with this government is now, »nd 
for all time since Juno, 1834, has been, 9 parts pure silver and 1 
part pure copper. 

The wlvor coins, therefore, struck at the Umtod States mint and 
dated subsequent to 1834, are lOf ouneea fine. 

In what, from June, 1834, until February, 1853, constitntcd a 
dollar of silver coin of this government's mintage, tJiere were put 
371i grains of pure silver ; and 412J grains of the standard mint 
silver of that day (the present standard) were worth, from June, 
1834, until February, 1853, $\, Four hundred twelve and one 
half grains of this standard of silver aro now worth, by the present 
standard of valuation, $1.0742. 

The standard weight for silver coins with this government at 
present is 384 grains to the dollar. (See page aSl.) 

The forgoing is not applicable to the silver three-cent jAeces, so 
called, authorized by the Congress of 1850-51. Thcae pieces are 
eoniposcti of 8 parts silver and 1 part copper; and their atimdani 
weight is 12j ^aina each. Tliey arc worth, at full weight, mcaa- 
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CDCnuNCl- on TUB UNITED ai'ATEa. 
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uved b;- tlio prcecnt standard of 315.6 grains of finu ellvur to llio 
dollar, 2.685 cunts each. 

The nirttel and bronze totons or coins, authorized by Congress at 
different times between l]ie years 1S56 and 186T, areas fotlows; — 
Kickel X-cenl token: 88 parts copper and 12 parts oiekel; 
weight, 72 gnuns. Niekcl S-cent token ; copper and niekcl mixed, 
not exceeding one-fourth nickel ; weight, 32 grains. Nickel 5-ceiU 
token : copper and nickel mixed, not exceeding one-fourth nickel ; 
weight, 77,18 grains, or 5 grammes; diameter, 2 centimetres. 

Bronzg l-oetd token : 96 parts copper, and 5 parts tin and zluc ; 
weight, 48 grains. Bronze 2-cent token : 95 parts copper, and fl 
parte tin and zinc; weight 96 gr^ns. 

Note. —In the procedlDg eolcDlations of values, mid In tlio fallowing;, w \s 
now tbo coiuiDap oastom eveirwhece, no vnluo Jine been oeeioiicd to tho nrioy, 
oilhcp Id tbo allver ooIdb of tho gold coloa. In genoral. It \a fiimply copper, and 
wllJ not not nioni, it la lugDaied, thau tbe cost of recovering. In tho Ui)l(ed SlatoH, 
tho law relating to oolnue, previous to ISM, required that (he alloy for gold 
coins shonld conslBt of bIIybi and coppflr mixed, not exceeding ono.luilf copper ; 
nnd the present lavprovtdes that ft ehull cooaist of silver and copper mixed, 
not csceodlng ono-haB diver. 
UosTOM, July, 1360. 

GOLD, — rOBE. 
24 carats fine ^= pure gold. 
1 urain = S0.043066. 

23.22 grains ^= f 1.00. 
1 dwt. ^f 1.033592. 

1 ounce = S20.fi71834. 

HINT GOLD, — TJ. S. 
Alloy, practkaUj/ all copper. 
Mine parte of pure gold and one part of alloy, or 
21| carats fine = standard coin. 
1 grain = t0.03876. 

2oJ grains = Sl.OO. 

1 dwt, — S0.33023. 

1 ounce =$18.60465. 





GOLD 


COINS, 


— U.S. 






Den 


n>in„tio. 


,. 




>».- 


Btondard 
value. 


Double Eagle, - , - 
Eagle,- - - - 
Half-Ea^e, - - 
Quarler-Eagle, - 
'IViple GoId^DoIJitr, - 
Gol^ Dollar, - - 
Etmie, prior to last (eom 
Half do." " Icon 


=-= 


= $10.62), 
^«5.31), 


516 

258 

129 
G4i 
77| 
25 J 

270 

135 


$20.00 
10.00 
5.00 
2,50 
3.00 
1,00 
10.909 
5.454 
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Private «nd Univrrml. 






WclKljt Li 


3al^., 


A. Lcchtlor,N.C.,*5i.i^™, - - ■ 




$4.75 


.. 2i" - 








2.37 










.03 


T. Reed, Georgia, 6 '■ - 








4,75 


;: :: ?;; : 








2.37 
.93 


Sluffitt, Unlilbniiii, 5 " - 


120 


r..lKI 



SILVER, — PURE. 
12 uiinces fine =: Pure Silver. 
1 <lwt. = $0.00044. 

345.G grains = $1. 
1 ounce -.$1.38889, 

MINT SILVER. — U. S. 
Alloy, all copper, 

5uro silver and one part alloy ; or 
OA. 10 dwts. fine ^ Standard Coin. 
1 dwt. == $0.0025. 

3S4 grains =$1.00. 

1 ounce = $1.25. 

SILVER COINS. — U. S. 



Dollar, 3a4 

Half Dollar, 
Quarter Dollar 

Ualfbime, 10^ 

Three-Cent Piece, J silver anil J cfij.por, 12j 

Tho copper coina of tho UnitodStatosaro the cent and iiai.i- 
tiiRT are of pnre copper. The wciglit of the former is IGS ^ 



vnd that of Uio latter, 84 g 
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CintKENCr Of THE CNITED STATES. 





"(iSra.'" 


par mIM. 


Dollar, 


412J- 


$1.0742 


Ilftir Dollar, - . - - 


200^ 


.5371 


Quarter Dollar, - 


I03| 


.2085 


Dime, 


4U 


.1074 


HalfDImo, . - - - 


20| 


.0537 


Three-Cent Piece, 


m 


,03 



CURRENCIES OF THE DIFFERENT STATES OF THE UNION. 

1 FarthiDgs=l Pennj, 12 Peiico = 1 Shilling, 20 Shillings =. 
1 Pound. 

In JifasBaehuaetta, Oonnectieut, Rhode Island, New Hampshire, 
Vermont, Maine, Kentucky, Indiana, Illinois, Missouri, Virginia, 
Tennessee, Mississippi, Texas and Florida, shillings 33 I dollar ; 
$1 = Vir *■ 

In New York, Ohio and Michigan, 8 shillings = 1 dollar; $1 = 

f ^■ 

In New Jersey, Pennsylvania, Delaware and Blarytand, 7 siiil- 
lings and C pence = 1 dollar ; 1 dollar =^^ £■ 

In North Ourolina, 10 sliillinga = 1 dollar ; $1 ^ J £. 

In South Carolina and Georgia, 4 sliillings and 8 pence =» 1 dol- 
lar; *l=>3'o S.. 
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[ or wiiiauTS ano measures. 



In tbis system, tbo Metre ia the basis, and is one foi'ty-millionth 
of tho polar uircumferenee of the earth. 

The Metre is the principal unit measure of length ; the Ake 
of surface; the Steue of scHidity ; the Litre of capacity ; anil the 
Gram of weiaht. 

The gram is the weight, in a va^iuum, of one cubic centimetre 
of pui'e water at its maximum donsit}'. 

The Metro, almost exactly . := 39.37 U. S. inches. 

The Are (100 square metres) ^= 3.95307 " square roils. 

The Steru (a eubic metre) . = 35.31445 " cubic feet 

^■1 T-^ / V- ] ■ . \ (C1.023 " " inches. 

ThcLitro (a cube decimetre)— I ,^,gggg .. wine quarts. 

The Gram . . . . = 15.43235 " grtdna. 

The divisions by 10, 100, 1,000, of each of these units, areex- 
pressed by the same prefixes, viz., dect, cenlt, miili; and the multi- 
ples by 10, 100, 1,000, 10,000, of each, by deca, hecto, kilo, myria. 
The former series were derived from tlie Latin language, the latter 
from the Greek. 

To illustrate with the metro : — 

10 mfflimetres =^ 1 cenfimetre, 10 centimetres =: 1 rfccimetre, 10 
decimetresi^l Metre, 10 Metres =:: 1 (fecametre, 10 decamo- 
tros:= 1 hectometre, 10 hectometres ^r 1 tiiometre, 10 kilometres 
^ 1 mjri'ametre. 

In commerce, the ordinary -weight is the kilogram, and 100 kilo- 
grams (usually called kilos) =: 1 quintal; 10 quintals :zz 1 millier, 
or tonneau. The kilogram — 15,432.35 -^ 7000 = 2.20462 avoir- 
dupois pounds. 

In practice, the terms milUare, declare, decare, kUiare, and ntyri- 
ore are usually dropped, aud 

100 centare = 1 are; 100 ares = 1 hectare. 

Also the terms mUUstere, hecloslere, kUklere, and myriaxlere, are 
usually rejected, and 100 centistcres:::; 1 decistere; 10 deciatercs 
=: 1 stere ; 10 stores =:: 1 decastere := 353.1445 cubic feet 
1 cenliare (square metre) =: 1.1D59R52C square yards. 
1 kilometre . , . ^ O.G2l,S7 atattito miles. 
1 hectare . . . = 2.471 = U. S. acres. 
1 kilolitre . . . = 1 stere r:::^ 61,(B3.S77953 enbic in, 
A hectolitre = 2C.4I748 wine gallons= 2.83774 Winchester bush. 
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FOREIOS (lOLD COmS. 



Note. — Tho joins of any oountrj, both gold and silver, circulating as fiir- 
eign in an; other, partieuIiLrl; thoae of tho smnllei denominations, ma ueunlly 
held at nn estimate below their slandard par i-aluo, compared with tho moncj 
slJLiidard of the country in which tbcy oiroulafa as foreign. Many of thorn, 
moTB particularly the silver, having clMulotJon in tho United Slatea, arc mucli 
worn and otherwise depreciated. In some inBtanoes, owing to frequent changes 
made both with regard to weight and purity, eert^n of thorn, having the same 
nama and general appearance, bear a premium at hemej Dtjicrs, a discount. 
Others, again, ean biu^ly be said to havo a doSnable value anywhere. The par 
value of the old pistole of Geneva, for iualance, weighing 1031 gnuns, is £X.'JS5, 
while that of the new, weighing S^i grains, nonld, at the same degreo of 
purity, be worth but £3.336 ; whereas, owuig to its higher standard of fine- 
noes, its par value is $3,443. The ducat of Anstria, coined in ISSI, weighs 
5.11 grains, — its purity is 23.64, and its par value $2.i69; while the half 
Eovorcign, olescly resembling the ducat, coined in 1835, and neighing 87 grains, 
has a purity only of 21.64, and a par value, oonaequently, of but $1,378. Tho 
ciTcutntiHg value of the ducat in the United States, in general, is $2.20, and 
that of the half sovereign of Austria, $3.25. 
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Ducat, 
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Bolivia, Colombia, Chili, 












Ecuador, Peru, New 












Grenada, and Meiico. 












For the modem coins, 












&c., of these States, see 












Foreign Moneys of Ac- 
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3.75 




For the modem coinage 












ofthis Empire, see For- 












eign Moneys of Account 












and Coins, Sec. A. 












Dobraon, 


32,00 




33.719 


32.00 


3.05 


Uubra, 




438 


17.300 


17.00 




.ioannes, (stanilard variabk) 




433 


17.064 


SI3^o3l? 




Half do. do. do. 
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DRKMAEK. 
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Franc tl'or, double in pro., 

10 1786, ' 
l«iuisd'or, dimblo in pro., 

si„ce 1786, 
Nriiioli:iii(aoF.)duuble&c. 


21.60 
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Ducat, 

I'isl.ile, double in pro., 

■|'en Tlialer, 5 in pro., to 

1813, 
Ten Thaler, less In pro,, 

siiice 1813, 


23.32 
21.00 

21.55 
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2.320 
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7.873 


7.80 
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3.87 
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3.8S 


niicit, (Lmble ill nrn,, 
<!eor"'ed'or, " " ■' 
Zelin Thaler, 5 " " 


23.83 
21.07 
31.36 


103-S 
3044 


2.287 
3.987 
7.833 


7.80 


4.27 
3.89 
3.83 


Ten Tbalur, 5 in pro., to 
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1785, 
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21.41 
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18.51 
33,28 


1474 
53i 


4.899 
3.335 




3.32 
4,17 
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*"'"i'"^ 


-oliili' 


i^}.,„ 


'"E"!!?' 


^k: 


(!REAT BKITAIN. 


'-^ 


S^n^ 










{Alios, «l>u:e 1826, all topper.) 












The moiJern gold coins of 
tliis KingiEnn are tlie 






















govereign, fractional, 












double, &c. 












Giiineii, half in pro., u, 












1785, 


92.00 


127 


fs.oic 




3.05 


Guinea, half in pro., since 












! 1785, 




ISOj 


S.lll 


JO, 00 




Sovereign, half in pro.. 




1234 


4.eC6 


4.63 




rive do. 




oini 


S4.332 


24.20 




Sovereign, (dragon) lialf 
















122^ 


1.838 


4,80 




Double Sovereign {ilragon) 




a^ii 


0.717 


0.07 




GREECE. 












Twenty Braebni, more in 












pro.. 


21,0(1 


m 


3.4.il 


3.40 


3,87 


HOLLAND, 












Ducat, 


23.58 


C3.i 


2.203 


2.20 


4.23 


Ryder, 


22.00 


153 


R.043 




3.05 


Double do. 




309 


12.205 






Ten Gulden, 5 in pro.. 


21.™ 


103 


3.9S8 


3.98 


3.87 


imu. 












Pagoda, star. 

Moiiur, (E. I. Co.) 1835. 


10.00 


533 


1.708 




3.40 


23.00 


180 


7.100 


0,75 


3.05 


Half Sovereign, do, . 








3.41 




Rupee, 


22.0(1 


170 


7.005 




3.00 


Ropoe, 


22,00 


180 


7,100 




3.9.5 


ITALY. 












Rturia, Rnsponn, 


23.«7 


leii 


fi.!)35 




1.30 


Genoa, Sequin, 


23.86 


53.1 


3.201 




4.23 


Milan, Pistole, 


31.70 


m 


3.807 




3.90 


" Sequin. 


93.70 


5U 


3,281 




4.2G 
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FOREIGN GOLD t 





?' 


»c.'^iir 


I'--; 


'■;;;-;;|;';;t' 


•^'V;- 






•n 




















Milan, Twenty Lire, more 












in proportion, 


21,68 


094 


$3,853 


S;3.83 


3.86 


Naplks, Dmtat, multiples 












in pro., 


21.43 


22i 


.865 




3.84 


Naples, Oncetta, 


23.88 


58 


3.485 




4.28 


Pahma, Doppia,tol786, 


2t.S4 


110 


4.193 




3.81 


" Pistole, aincB 1796 


20.a'. 


110 


4.135 




3,75 


" Twenty Lire, 
l'Li;n«oNT,Carlino,halfin 


,81.00 


'•>% 


3.859 


3,83 


3.87 












pro., since 1785, 


21.1)9 


702 


27.331 




3.83 


Piedmont, Pistole, half in 












pro., since 1785, 


21.54 


140 


5,411 




3.80 


PjiiDMONT, Sequin, lialfin 












pro., since 1785, 


93.04 


535 


2,280 




4.23 


Piedmont, Twenty Lire, 












more in pro.. 


20.00 


OOJ 


3.56.^ 


3.50 


3.50 


l{oMB,TenSciiili,5inpT0. 


21.60 


2G7i 


10.368 




3,87 


" Sequin, since I7G0, 


s3.yo 


53.1 


3,251 




4.28 


Sardinia, Carlino, k in 












pro., 


21.31 


247,J 


9,465 




3.82 


ToacANV, Zecliino, double 












in pro.. 


33.8G 


531 


2,302 




4.30 


Vknick, Zecliino, double 












in pro.. 


23.84 


54 


2.310 






MALTA. 












Sequin, 


23,70 


53J 


2,275 




4.25 


Looia d'or, .loubln and 












demi in pro., 


20,25 


128 


4,051 




3,63 


NETHE11 LANDS. 












Ducat, 


23.52 


53^ 


2,257 




4,21 


Zclm Gulden, 5 in pro., 


91,. 55 


1033 


4.013 


4.00 


3.86 


Dueat, 


33,58 


53i 


2.26.1 




123 


Tlie modern Portuguese 












gold coins ar^ Uie coroa 












of 5000 rcis, p.irts and 












multiples in pro|>ortioi]. 












Soc Skc. a. 
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SMd.rJ 


^i'°sut"' 


,.i".„, 


'EisT 


F-' 


Dobraon, 31,000 reia, 


23.00 


w 


$33.70fi 


$33.00 


3.95" 


Dobra, 




438 


17.301 


17.00 




Jiiannes, (standard variable) 


" 


433 


17.064 


SlSioJtJ 


'■ 


Half " 




316 


8.532 


se 10 aai 




Moidore, 4000 reis. " 








MiwMi 




Coroa, 5000 " 




1474 


5.83 


5.75 




Milrea, 


29.00 


m 


.780 




3,95 


Dueat, 


33.49 


m 


2.955 


2,20 


4.31 


Frederick d'or, double i.i 












pio., 


21.60 


102i 


3.973 




3.87 


Ducat, 


23.64 


54 


2,291 




4,94 


Imperial, (10 R.) lialf in 












pro., 1801, 


33.55 


ia5i 


7,838 




4.93 


Imperial, (10 R.) half in 












pro., Binee 1818, 


S9.0O 


20Ii 


7,949 


7.90 


3.95 


Oocia, double in pro., 


90.39 


68^ 


2.495 




3.64 


Twenty Ute, more iii pro., 


21.60 


mi 


3,850 


3,93 


3.87 


For the new standard of 












coinage, (icnorai nations, 












&c., of tliis Kingdom, 












sw) Foreign Moneys of 












Account and Coins, Sec. 












A. 












Doubloon (8 S) parts in pro. 
" (8 E) parla as 


21.45 


410i 


16.031 


le.oo 


3,84 












Bolivian, &c. 


30.8fl 


417 


15,090 


15,00 


3.7.1 


Pistolo, to 178S, 


91.48 


103 


3,970 




3.85 


" since " 


20.03 


104 


3,906 




3,75 


Escodo, to 1788, 


20.08 


62 


1,957 




3.:f> 




30.43 




1,005 




3.00 


Cotonilla " 1800, 


30.99 


27 


983 




3,64 


SWEDES. 












Dncat 


33.45 


53 


2.330 




4.20 
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LQSa 0]). UKEAR UEASVliE. 





a,„,.i,ra 


^i™^;,?' 


F„,.l„. 


"Zu"}:!^ 


n""t 




";";s,l" 


^•i^r,,. 


lzl°"' 


'^:!™,'' 


.&"''"* 


SWlTZULlLftNl). 












lk«NE, Ducat, <ll"ll.lf> u, 














33.53 


47 


fl.0S4 




1.3>2 


HewNe', PisUile, 


31.G3 


1174 


4.558 




SMH 


Geneva, Pisfok, 


31.87 


874 


3.4^3 




3.92 


{,M) 


21,51 


103.1 


3.1)85 




:!.ao 


Zurich, Ducal, iluiililn iii 












pro.. 


33.50 


53i 


8.25C 




l.Jl 


TUEKEY. 












Misseir, half in [iro. 1H30, 




3Gi 


1.040 






Se<iumfoTi<Iucli. 


1U.35 


53 


1.830 




3-15 




33.88 


733 


3.0S7 




4.10 


HOTE,-Por fuH nil.! pnrtloulor spc 


ilBenllot 


a nuniTdlns tuadi:i'u forviitn 
Dt<nFa«<io™H,SEO. A. 


aoldandsllvorcoLiiB, ai« Fureiffn Monei 
I'ho aUiDdard «llvcr S-rr.uic ploci: of I 


^^Ac^ 


CDhiaDftliaUii<tciteuiti»; butSA^os 


1 (tl« s^ 


iidard gold coins of Fi.iiiuu 


nro wortli but*O.DM73i> tii tlio gold coins 


otthoUniwdStuWa. 



LONG OR, UNEAll MEASURE. — 11; S. 

Stand.vrd. — A brass rml, the lenglb of whioli,al 63° Fiihroii licit, 

Is ^f ,^S^S tliat of a pendulum beating seiiouda in vacuo, at iho level 

of llie sea, at the latitude of Ijtndon,^!^^^^.^ at 32° Pali., al llie 

gravitation at New York, = the Yard, 

6 points =lline. I 5.i yards (ICi (}.} = I i-ud. 

13 lines (73 points) = I inch. | 40 rods (320 yds.) = 1 furlong. 

12 inches = 1 foot. 8 fur. (5280 feet) = 1 slat. mile. 

3 fefet (30 inches) = 1 yard. I 



S.l inches ^ I nail. 

1 uails (0 inches) = I quarter. 



SPECIAL, FOK CLOTH. 
4 quarters (c 



SPECIAL, FOll I 



1 link. I 100 links (00 feel) -■ 
1 rod. I 80 chains (330 roJs) = 



engineer's chain. 
10 inclies = 1 1 

120 links (100 foet) = Ic 
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SIIOKMAKER-S MEASURE, 
iiitliea in lengili, and each succueiliiig iiu[iihi.'r 
fan inch. No. 1 man's sizo = 8ii inclics. 
MISCELLANEOUS. 



Hair's IjreaJlli 


= ^^ inch. 


Fathom = lei.'l. 


Digit 


= 10 lines. 


Knot = 471 feci. 


Palm 


= 3 inclies. 


Cable's luiigtii = 130 falli 
Geometrical pace= 4.4 feet. 


Hand 


= 4 ■' 


Span 


= 9 " 





IS pailicular things ^^ 1 iloxeii. 
13 ilozen (144) = I 



(1728) ^ 1 great gross. 
liW'' -- 



20 particular things = 

24 sheets of paper = I quire. 

30 ijuireH = 1 ream. 

SQUARE OR SUPERFICIAL MEASURE, 

{Length X !^<:<'dlh.) 

Hi sqiiaie inches = 1 square foot. 

9 " feet = 1 " yard. 

30i " yards = I " rod. 

40 " rods = I rood, 

4 roods = I acre. 

SPECIAL, FOU LAND. 

mm ^«'>' 

lOOOO 

10 " chains i= I ' acre. 

Squate rod = S72i square feet. 

= |.Z :: j:t 

Acre (100 .„..r,„l.)^ ,^8.0^ ;; y-^^- 

Sqnaromile ={ 103400 .q, rods'" 

230 X 198 sqn ' 

Thesquaitjof 12.G49 

" " of C»,5701 

" " of308.7l0321 ' 
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CUlilC OK SO 


UD MEASURE. i 


CIRCULAIi MICASURF,. 


niiLo, or 1 1 


Great Cinde = 360 degtees 


(icsra- ( 1 l.l'iJB. miles. 


FA|ualovial tir- ) ( 


|)liirahii, ( — 1 G086 feet. 




(UO") J L 


of the earth ) ( 


L;ague = 3 miles. 


Equatorial diam.= 7935 " 


J CO geo. miles. 


Polar diam. = 7890 


egroe — ^G!).I58s. ms. 


Mean radius =3055.93 " 


Su{v^z<«l.)= 30 degrees. 




Nora. — In llio anpriBBlons, »(Karc fcol nnil/ca ajuiire, lluira In llils ilifTtirciice; v 




uf™?,i,'j;L'miiS'Pui!SbfS,r^rro7aX"w^^ 


CUBIC OK SOLID MEASURE. — U. S. 


{Lcnglh X breadth X depth.) 


r 1.273 cylindrical feet. 


Ciiljic fuot, ) 1 asOO " iiichea. 


1728 eu. inches ( 1 3300 Bpherical 


L6000 conical 


ro.785398 cubic feet. 


Cyriiidrical fuol ) J 1357.2 " iiichc*. 


1733 " inches J — ) 3593 splietical " 


L5I84 conical 


37 cubic feel = I cubic yard. 


40 " ofround limboi: = I ton. 


43 " of shipping " = 1 ton. 


50 " of hewn " = I Iod. 


138 ■' =1 cord. 


Cubic foot of i>iire water,"] 


at tlie maximum density , ■ i ■ ■ 
at tlio level of the sea, i = J fX'"''"^'' '"'""'''' 


{3!r.83, barometer 30 [ ' '""^ '"""^' 


c;SS.,«». J^J<- :: p;;* 


(0.0361G9" pounds 


Cobic inch = { 0.5787 " ounces. 


(853.1839 grains. 


Cylindrical inch = | 454g"* ^"''' ounces' 


Pound = 37.648 cubic ii.cbcs"*'^^ 


" distilled = 27.7015 " " 


Cubic inch" -^ 353.0934 grains. 


Pound at on distilled = 27.7274 cub. indies. 


Cubic inch at 03=, " ^ S53. 468 grains. 


" B9°.93, in vacb 


= 253.0364 " 



Cubic Pmt of salt water (sea) weighs 04,3 pounds. 
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G EKE HAL MEASUKE C 



GENEIIAL MEASURE 

AVOIRDUFOIS. 

Standard. — The iiounil is ilie 
weight, taken in air, of 37.7015 
eiihio inches of diBtilled waler at 
its miisimuin density, (3'J°.83 F., 
Uia barometer being at 30 Inches) 
= 27.7374 cubic inches of distilled 
waler at 63= = 7000 Troy grains. 

374J grains = 1 dram. 

Ili'drams {'137i grs.) = 1 ounce. 
16 ounces (7000 gra.)= I pound. 



as ponnds = 1 quarter. 

4 quarters i _ J I quintal. 
1 13 pounds i il cwt. 

SIECIAL — DIAMOND. 
II) [Kirls= I grains 0.8 troygi. 



Note. — The cninrnratirij ruing of dlnmo 
is Mlimaled wotlh about »0/^ ; hikI It wi 

3"nHlHp"J"lhe Kjimrellj 9"«i.""Tl™, if. 
canilB, ls2-t-2=*X^ = '8X'''''''==*"'^ 



or WUGlIi — U R 

SPECIAL TRO\ 

(Exclusively for gold and si! 

;r bullion, precious '■toups, and 
gold, silver and copiior coins, and 
Willi reference to thtir monaary 
value on)y ) 

34 grains ™ 1 pcnnyw I 

30dwls (480 grs )= 1 ounce 
13 oz (5760 grs ) = 1 pound 

SFtCIAL — AFOTHLtil Ifs' 
(Exflusiiely lor compoiindiiij' 
mtdliines, for recipes and pro- 
si riptions ) 
30 grama = 1 sciuple, ) 

8 dr™»(480 fi )= I oiiiim', 5 
13 oz {5760 g ) == 1 po'ind lb 
I lb aioir = lr'4'1 lbs Iroy 
1 lb troy = \\^ lbs nvoir 
1 03 ivoir = -f J^ 07 troy 
loz.lroy = liViOK. avoir. 



LIQUID MEASURE.— IJ. S. 
" or "Winchester" Gallon, of 331 cubic incbcs 

^^_. ... " ir Cnstoms gallon of the United Stales 

liif all liquids, and tbe legal gallon of each stale in which no law 
exists fixing a slate or statute gallon of its own. It contains 58372) 
grains of distilled water at 3y°.83, the barometer being at 30 inches, 

4 gills = 1 pint, 3 pints = 1 quart. 
4 quarts, or 33: cubic in. ( M ga"on- 

0.13368 cub. ft., 294.1176 cyl. in. ( } 8,355 av'd. lbs. pure water. 
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Liquid gallon of the ) 
State of New YorkM^. 
381.63 cylindrie in. ( 



MEASURE. 

128 cubic fuot. 



Tierce 

Hogshead : 



1 Wine gallons 
1 Imperial gdio 



( 0.8331 Imperial gallon 
I 0.81'H Ale " 

(0.1074S W. bushel. 



DRY MEASURE. — U. S. 

The " Winchester Bushel," bo called, of 2I50_^jj2j. ciihic inches 
Cii|ucily, ia tiie Government bushel of the United States, and the legal 
bushel of each stute having nu special ur statute bushel of lis ami. 
The standard Winchester bnshel measure is a cylindrical vessel hav- 
ing an oulside diameler of 19^ inches, an inside diameter of 18^ 
inches, and an inside depth of 8 inches. The slxudard " heaped " or 
'' Glial" bushel of England was this measure heaped to a true cone R 
inches high, llie hase heing 19i inches, or equal lo llie oulside diam- 
eler of the measure. Its ratio lo the even bushel was, therefore, as 
1.39, nearly, to 1. The present "Imperial" measure of England has 
Ihe same outside diameter and the same depth as Ihe Winchester, and 
an inlemal diameter of 18.8 inches, and Ibe same height of cone is 
rt'Uiined for forming the heaped bushel. Its ratio, Ibetelbre, to llie 
even bushel is a trille less thin was tliat of the Winchester. In the 
United Stales the " heaped busliei " is usually estimated at 5 even 
|>ei:ks, 01 as 1.35 to 1 of Ihe standard even bushel, which, if taken as 
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PUY JIISABUUK. 



the rule, requires a cone on i 
equal the heaped Wincliesicc 
4 gills . . , = 
2 piiiia . . , := 
4 qua,rls . - 

B quarts . . = 

S150.43 cubic i. 
1.344456 " 
1.5844 eyi. ' 
Bushel of the ) 

State of New York *J = 
3810.11)55 cy]. in. ) 

Uushel of Connooliculjf = 

Heaped Win. bushel ) _ 



1 Winchester bushel 
1 Tniperiai bushel 



1 5'o» 

or half peck. 

1 bushel. 
2739 eyl. in. 
77.7785 av'd 11 



( 79.50 av'd lbs. pure water. 
J 2747.7 cubic in. 
( 1.59 cubic ft. 
2318.192 "in. 
36 Winch, heaped bushels. 
1 0.9694 Imperial bushel. 
(9.3092 Wine gallone. 

1.0315 Winchester bushels. 
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SPECIFIC GRAVITIES. 
Tlie specific gvavily of a body is its weight relative lo Iho weiglil 
of an equal bulk of pare water at the tnajtimura density, (30°. B3, b. 
30 in.) the waier being taken as 1., a cubic fixrt of which weighs 
1000 avoirJupoig ounces, or 63i lbs. The specific gravity, therefore, 
of any body mullipUed by 1000, or, which is tlie same thing, the dcn- 
imal Wng carrieJ to three places of figures, or thousands, as in tlio 
following TABLiis, the whole taken as an integer equals the number 
of ounces in a cubic foot of the material ; muliiplied by C2.5, or con- 
sidered an integer and divided by 16, it equals the number of pounds 
in a cubic fuoc; and multiplied by .0301 (>9, or taken as an integer 
nnd divided by ST648, it equals the decimal fraction of a pound per 
cubic inch ; by whicli, it is readily seen, the specific gravity of a 
commodity being known, its weight per any given bulk is easily and 
accurately ascertained ; as, also, its specific gravity, the weigiit and 
bulk being known. Tiie weight of any one article relative to that of 
any other, is as its respective specific gravity to the specific gravity 
of Iho other. 



I9.54n 



MKTALa. 


bK;, 






Antimony, . 


6.7ia 


Gold, pure, hammered 


Arsenic, 


5.810 


Iridium, . 


Bismuth, . 




Iron, cast. 




Bronze, 


8!700 


" wrought. 




Brass, best, . 


8.504 


Lead, 




Copper, cast, 


8,788 


Mercury, 32°, 




" wire-drawn, 


8.878 


60", 




Cadmium, . 


8,604 


" —39°, 




Cobalt, 


7.700 


Manganese, 




Chromium, 


5.900 


Molybdenum, 






3.000 


Nickel, . 


Cold, pure, cast, , 


10.358 


Osmium, . 
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SPECIFIC GHAVITIES. 



Platinun cast 


10.500 


Granite, red, 




30.337 


" LockjKirt, 


rolled. 


i9.069 


" Quiney, 


Polaismm 6tP 


0.865 




Pilladium, 


11.870 


Grindstone, . 




11,000 


Gypsum, opaque. 
Hone, while. 


Silver pure cast 


10.474 


hammered, 


10.511 


Hornblende, 


^lodium. 


0,370 


Ivory, 


bleel soft 


7.83S 


Jaspl;, . . 


tempered, 


7.818 


Limestone, green, 


Tin, cast, 


7.391 






6.115 


Lime, compact, . 


Tungslen,' 


17.000 


" foliatcl, . 


Titanium, 


4.200 


" quick, 


Orinium, 


9.000 


Loadstone, . 


Zinc, cast. 


6.801 


Marble, cojnmon, 
" while Iial. 


Alabaster, white. 


' 2.730 


Rutland, Vt., 


" yellow. 


3.609 


Parian, . 


Amber, 


1.078 


Nitre, crude. 


Asbestos, slirrv. 


3.073 


Pearl, oriental, . 


Itorax, . . 


1.714 


Peat, hard. 


Boue, ox, . 


1.656 


Porcelain, China, 


IJriek, . 


1.900 


Porphyra, red, . 


Chalk, white, . 


2.783 


" green. 


Charcoal, . 


,441 


Quartz, 


triturated, 


1.380 


Rock Crystal, . 


Cinnabar, . 


7.786 


Ruby. 


Clay, 


1.934 


Stone, common, . 


CoaJ, bitum. avg,. 


1.370 


" paving, . 


" acith. " 


1.520 


II pumice, . 


Coral, red, 


3.700 




Earth, loose, . 


1.60O 


Salt, commoil, solid, 


Kmery, . 


4.000 


Saltpetre, refined. 


Feldspar, 


3.600 


Sand, dry, . 


Flint, white, , 


3.594 


Serpentine, 


" black, 


2.583 


Shale, . . . 


Oarnet, . 


4.085 


Slate, 


Glass, fliat. 


9.933 


Spar, lluor. 


" white, . 


3.893 


Stalaclita, . 


" plate, . 


3.710 


Tale, Mack, 


" e'"^"' ■ 


2.042 


Topa., . . 
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SPECIFIC UEAVlTIll 



15) IX, Frencli, 



l.ypress, 

F.l>i>ny, American, 

Rim, . r ' 

Fir, yullow, 
" while, 
llMmeiac, . 



S.9T0 
3.531 

4.D43 
1.770 
4.330 



i.Dgwood, . 
Miiliogany, Spanish, beat, 



Maple, reu. 
Mulberry, 
Oak, live. 

Orange, 

Pine' «liile 



St. Domingo, 



Pine, yellow, 
Poplar, while. 
Plum, . 
Qaince, 
S[)ruc«, will 10, 
Sassafras, 
%camore, , 
Walnut, 
Willow, 
Yow, Spiiiisli, 
" Dutch, 



Birch, 

Cypress, 

Elm, . 

Fir, . 

Hickory, red. 

Maple, hard, 

Oak, white, Lipl^id, 

" James River, 
Pine, yellow, 

" white. 
Poplar, (tulip,) 
Spruce, wliite. 



Asphaltum, 
Beeswax, 



Camphor, 
Gamboge, 
Gunpowder, . 



1, Arabic, 
Caoulehoii 
Miislic, 
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I!am;v, 


1.450 


Wine, cliampiigne. 


^?997 


Ice, ■. , . 


.'J30 




.994 


rn,li«o, . . 


J. 009 


" port, 


.907 


Lar<l, 


.941 




.9!)3 


Pitch, 


1.253 






Rosin, 


1.100 






Spermaceti, 
Slarch, 


.1143 
1.530 


ELASTIC fluids: 


IX;,""'. : 


1.60G 
.938 


Tha mEMire of which is wmMplierle air, 
cubic fixit iif wliicli weighs S2J.04 gmlna, = 


Tar, . 












this umpsmuire m«l lionoltf 










.nommio i, 


LIQUIDS. 




orMlwaau. 




Acid, acetiP, 


1.0C3 


SIMPLE on ElEMHNTA 




" citric, 


1.034 


Hydtogeu, . 


.0689 


" nitric,' '. 




Oxygen, . 


1.1025 


" nitrous. 


1.430 

1.840 
1.200 
3.660 
.794 


Niitofren, . 
Fluorine, . 
Chlotino, 


.9720 
2.470 


" silicic, ' '. 
Alcohol, anhyd. . 


Clrhon, vuporof, 
{theorelkaUy,) 


i .492 


90 "/, . 


.834 






ncer. 


1.034 






Blood, human, . 


1.054 




.591 


Hamphena, pure, . 


.863 


Carbonic acid, . 


1.6S.1 


Cidor, whole. 


1.018 


■' oxide, . 


.973 


Ktiier, Bulph., . 


.715 


Carbureted liydrneen. 


.5.'i9 


" utr-e 


.908 


Chloro-carbonic, 


3.389 


M Ik cow s 


1.032 


Cyanogen, . 
M'uria^c acid gas. 


1.818 


Molasses 7j / . 


1.400 


1.217 


Oh 1 seed 


.934 


Nitrous acid gas. 


3.176 


Ive 


.917 


Nitrous oxide gas, 


1.040 


rapeseei 


.937 


Olefiant, gas . 


.978 


sa safris . 


1.090 


Phospliureted hydmge 


1.185 


lurpe tne com.. 


.875 




1.177 


siwnn p re. 


.874 


Steam, 312° 


AHA 


vlale pfl, 


.933 


Smoke, of wood. 


,900 


P «ifsprls 


.035 


" of coal. 


.102 


V POT.!- 


1.035 


Vapor, of water. 


,633 


W Jler, pure, 


1.000 


" of alcohol. 


1.613 


sea. 


1.020 


" ofspirilB turpc 


tine, 5.01H 


DcaJ sea, 


1.240 







Hosted by Google 



WBIQUI PJSU OUSBDI. — UAUaia — GALLON, &i 
WeigJu per Bushd (corn Ex. toiff) ofd,ffarm Oram.v, 



Barley, (N. E. 47 lbs.) . 
Deans, .... 
Buckwhent, 
Blue-grass Be<!il 
Corn, (N. T. 53 lbs.) 
Cranberries, . 

Dried Apples, 
" Peaches, 
laixseed, (N. E. 62 lbs.) 



48 



Hemp soi:d, 
Oats, 

Itye,' '. 
Salt, T. I., 
" boiled, 
Timotliy secil, 
Wlieat, . 
Potatoes, h'p'd. 
M Malt, . 



Wdghl per Barrel (Legal or hy Usage) ofilifferml Artkks. 



Boiled Salt, 
Hecf, 
Povk, . 
Pickled Fisli, 



Cider, in Ma* 

Raisins, . 
Anchovies, 

Ground Plaster, 
Hydranlic Cemt 



A Gallon of Oil weighs .... 7} tbR. 

A " " Molasses, standard, (75 per cent.,) 11| " 

A » " Linseed Oil (usage, 7^ lbs.) " — " 

A Firkin ol'Buttcr, (legal.) 

A Keg of powder, \ . . . 

A H.ngsheiu] of Salt is . . . 

A Perch of Stone = 343 cubic feet. 

A Gftllonof Aleoliol.SOper cent., wciglis 

A " " Proof Spiritfl, " 

A " " Wine, (avcntgo,) " 

A " " Sperm Oil, " 

A " " Whale ■' pTVl, 

A " " Olivo " 

A " " Spirits Turpentine, " 

A " " Camphene, pure, " 

Weight of Coals, iJK., broken tt> the meJivm she, per Measure of 

Cofacity. 

The ayerago weight of Bituminous Coals, broken ns nbove, is about 

r>2 per cent, that of a bulk of equal dimensions in the solid mass, or 
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Cfa HOPES AND CABLES. 

of the specific gravity of the artitlu; that of Anthracite 



Anthracite, 
Bicuminoua, 
Charcoal, hard wood, 
Coke, hest. 



Anthracite, ... 54 

llituminoua, . . . 50 

Charcoal, of pine, . . 18.G 

" ofhardwood, . ID.02 



Practical Approximate Weight in Pounds of Varitnis Articles. 
Sand, dry, per cubic foot, 
Clay, compact, per cubic foot, 
Granite, 
Lime, quick, 
Marble, 
Slate, 

Peat, hard. 
Seasoned Beech Wood, per cord, . 

" Yellow Birch Wood, per cord, . 

" Eed Maple Wood, " " . 

" « Oak Wood, " " . 

" White Pine Wood, " » . 

" Hickory Wood, " " . 

" Chestnut Wood, " " . 

Meadow Hay, well settled, p 
4« cubic feet ~ 2000 11 
= I Ion™ ton 

Meadow liay, in large old stacks, per cubic foot, 5 

Clover H^, in settled bulk, " " " 4i 

Com on Coh, in crib, " " " 22 

" shelled in hin, " " " 45 

Wheat nbn » « u ^g 

Oata nbn » » » 25l 

Potatoes nbn, " " " 38J 

Comnon Br k 7| X 35 X 2tin. " M, . . 4500 
lot 8X4iX2iin. " » . . 61S5 

Tlie STKENGTii of cords depends somewhat upon the fineness of 
the strands ; -r- damp cordage is stronger than dry, and untarre(i 
stonger tlian tarred ; but the latter is impervious to water and lesa 

Silk cords have three times the Btrength of those of flax of 
c((tial circumference, and Manilla lias about half that of hemp. 
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WBICUT N ENGXn OF IRON CHAINS. 
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!lii[ios iinnl f B full three times stronger than those 

at hemp of eq 1 raf 

While rope re f d tfl be most durable. The best qualities of 
Uemjtare—l. pearl grat/, 3, greenish; 3, yellme. A brown color 
li:(s less strengtli. 

Thb liitEiKiMO WEIGHT of a good hemp rope is G400 lbs. per square 
iiioh, but no cordage may be C(niiited on with safety as capable of sus- 
tutiing a weight or strain above half tlial required to break it, and 
tl)o weight of the rope itself should l>e included in the eatimate. 

The keuablk STBBNGTHof a good hemp cable, in pounds, is usually 
estimated as eqnal to the square of its circumference in inches X hy 
130. That of rope X 200. Thus, a cable of 9 inches in circumfer- 
ence may be relied on as having a sustaining power = 9 X 9 X 120 
= D730 lbs. 

Tub weight, in pounda, of a cable laid rope, |)er linear foot ^ the 
square of its circumference in inches X .038, very nearly. 

The weight, in pounds, of a linear foot of mauiila rojie = the 
square of its oirciiinference in iuches X .03, very nearly. Thus, a 
manilla rope of three iiichea circumference weighs per linear fool 
3 X 3 X -03 =J= -f^^ lbs.,^3^ff feet per lb. 

A good hemp nipc atretolies about ^, and its diamutcr is diminished 
about -i before breaking. 

WEIGHX AND SritBNUTII OP IRON UHAINS. 





WXkIiioT 


h^M«B 


KanieWr of 


7B1 


Ensuing 






WsiKht 




Wfight 


in'l,icll<». 


of Ohttin. 




In Ii«h«. 




olOhsio. 


i's 


0.325 


2240 


t 


4.217 


20880 


i 


O.CS 


4256 


ik 


4.833 


32704 


f\ 


0.9G7 


0720 


i 


5.75 


38752 


g 


1.383 


0034 


n 


0.007 


45G96 




1,7G7 


13210 


I 


7.5 


51744 


^ 


2.033 


17248 


u 


9.333 


58404 


^jL . 


3.333 


21728 


1 


10.817 


03032 
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Compamlire Wdylil <•/ Mdals, Wd-;l,l )Kr Nkas 



Iruil, WTciimlil or rul 

Cast Iron, 

Steel, soft, rolltJ, 

Capper, pure, " 

llrasa,bcsl, 

Dronzc, gun meUil, 

Leail, 



Z^^. 


n.iiTS" 


£;■"" 


" °ln"h!' 




7.787 


I. 


486.6jr 


.S8103 


7.200 


.9358 


450.55 


.36073 


r.83G 


1.0064 


489.75 


.98343 


8.878 


1.1401 


654.83 


.33110 


8.001 


1.1050 


537.75 


.3113 


8.700 


1. 1173 


543.75 


.31401 


11.353 


1.1679 


709.60 


.4100 



Ki/iibiling Ihe Weight in pounds of One Foot in Length of Wrovaht 
or Rolled Iron y any size, {cross section,) from \ inch to 13 inchrs. 



Siz. 


w^is<-<. 


s.>> 


W-.(U. 


8i» 


W.ithl 


«i.. 


"ilF*" 




















.053 


"sT" 


19.066 


~W 


73.305 


~^ 


303.034 




.311 


31 


31.130 


i% 


76.364 


8 


216.336 




.475 


sa 


33.303 


4i 


80.333 


8i 


230.068 




.845 


31 


35.560 


5 


84.480 


84 


344.330 




1.330 


35 


37.939 


53 


88.784 


83 


258.800 




1.901 


3 


30.410 


5^ 




9 


373.793 


i 


3.588 


3i 


33.010 


5S 


97.657 


!>i 


389.330 




3.380 


3i 


35.704 


5 


103.340 


94 


305.056 




4.378 


3§ 


38.503 




106.953 


9i 






3.380 


3i 


41.408 


6 


111.756 


10 


337.980 




6.390 


33 


44.418 


5 


116.671 


lOi 


355.136 




7.G04 


31 


47.534 


6 


131.604 


104 


373.072 




8.93() 


3i 


50.756 


6 


133.040 


101 


390.638 




10.35E 




54.084 


6 


143.816 


11 


408.900 




11.883 


4J 


57.517 


() 


1 54.013 


11 


427.812 


3 


13.530 


4.i 


61.055 


7 


165.633 


11 


447.034 


3i 


15.203 


4S 


64.700 


^k 


177.672 




466.684 


8i 


17.113 


44 


68.448 


74 


100.136 


13 


486.656 
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COJITAKATIVE WEIGHT Ol" liETALS. d9 

Tu delefiiiiiie llie weielit, in iNJuiids, of one liiol iii itiiylii, or of iiiiy 
luiiglli, cil'a irar of any of the following meUils •>{ fiirra [iroaurilnjcl, of 
iiiiy sizo, muUiply the weight in pounds, of an eqiiul length of square 
rolled iron of the sarao siae, (see table of square rolled iron,) if ilie 
weight !« sought of 

Iron, Round rolled, by 7854 

Steel, Square " " 1.0004 

" Round " " 7S04 

Ciist Iron, Squire bar, " 9258 

" " Round " " 7271 

Cop[ior, Square rolletl, " l.HOl 

" Round " " 8954 

Iti'ass, Square " " 1.105 

" Round " " 8079 

Bronze, Square bar, " 1,1173 

" Round " " 8775 

Lead, Square " " 1.4573 

" Round " " I.H5 

The weight of a bar of any meljil, or other substance, of any given 
length, of a JIat farm, (and any other fomi inay be included in the 
rale,) is readily obtained by multiplying iis cubic contents (feet or 
inches) by the weight (pounds, ounces, or grains) of a cubic fuol or 
inch of the article sought to be weighed ; tliat ia — 

Iimgthy(,ln-ea3lky,llurknessy:,wd);hl per wiii ojmeasiac 
For Ihe weight in pounds of a cubic foot or inch of diHerciit molals, 
BOO " 'f AiiLE of weights of inetals per measure of solidity, Sir." 

UJl, FOll FLAT on SQUARE UAHS, 

Muhiply llie sectional area in inches by the length in feet, and th;il 
product, if the metal be 

Wrought Iron, by 3,37U5 

Cast " " 3.1387 

Steel, " 3.4 

KxAUPLK. — Reqnireii the weight of a baj of steel, whose lenglh is 
7 foot, breadth 3.^ inches, and Ihickjiess | of an inch. 

2.5 X .75 X 7 X 3.4 = 44.035 lbs. A,is. 

ExAMi'LE. — l(e<[uired the wcighlof a cast iron boiim, whose length 
is H feet, breadth 'J inches, and thiekness I^ incli. 

14X9X 1-5X 3.1387 = 591.32 Ite. Ans. 
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WEiaUT OF IIQVSD llOJ.liGD IKON. 



DUmstcr 


Wsiglll 


m»n..la 


WsiKlit 


Diam. in 


Wl-lBlit 


DL«n. in 


WriBllt 




la lbs. 




LnLba. 




in I1.S. 




in lbs. 


i 


.041 


21 


14.075 


n 


50.788 


n 


160.456 




.105 


2i 


16.688 


ii 


69.900 


ft 


ia'.l,85fi 




.373 


2J 


18.203 


4S ■ 


68.094 


RJ 


180.0116 




.668 


2^ 


20.076 


6" 


60.752 


4 


1U1.808 




1.043 


'4 


21.944 


6 


69.731 


4 


208.200 


1 


I.4S)3 


■i 


23.886 


5 


73.172 


9 


216.040 


i 


2.032 


8 


26.920 


5 


76.700 


H 


227.152 


1 


2.654 


3 


28.040 


^ 


80.304 


9* 


239.000 


li 


8.360 


3 


30.240 


5 


84.001 


n 


262.876 


li 


4.172 


3 


S2.ei2 


87.770 


10 


266.288 


n 


6.010 


8 


34.886 


5 


91.684 


m 


278.924 


u 


6.972 




37.832 


6 


95.652 


104 


292.088 


:| 


7.010 


i 


80.864 


6-i 


103.704 


10} 


306.800 


li 


8.128 


42.464 


04 


112.100 


11 


821.216 


if 


3.838 


4 - 


45.174 


6!! 


120.960 


m 


336.004 


2 


10.616 


H 


47.952 




130,048 


114 


361.104 


2i 




4 


50.815 


7-1 


139.544 


n% 


866.536 


2i 


18.440 


i 


53,760 


n 


149.828 


12 


382.208 



To find the weight of an equilateral three-sided co 



weisLtl 






Example. — A tliree-Bided east iron prism is 14feot in length, ami 
tho width of each side is C inches ; required the weight of tJie prisDi. 
G' X 1.354 X 14 -= 682.4 lbs. Ans. 
To find tin wdg/U of an equilateral rectangular cast iron fmm. 

wlilth of aide in inches^ X 5-123 x IcDglh In Ifeet = weight in 11m. 
To find Ike weight of an equilateral fiee-sided cast iron prism. 

nidUi of aiilo in inches' X 5,331 X length in tBet=: weight In lbs. 
To find the weight of an equilaieral six-sided cast iron prism. 

HUlh otriae in inches^ x 8,123 X lengUi in fcet = irrfght in lbs. 
To find the weight of an equilateral eight-sided cast iron prism 

width of sule In inches' X 1^1 X lei^h In fl?» = vrasbt in lbs. 

To find the uieight of a cast iron cylinder. 

diameler in inches' X 2.4M X length in feet= weight in iba. 
In It quantity of cast iron weighing 135 lbs,, how many cul)ic 
inohea ? 
By tabular weight per cubio inch — 

125 -^ .20073 = 479,4 cubic inches, Ans. 
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T = 380.2.H. 



Or, by tabular weight per cubic foot — 

450.55 : 1728 : : 125 : 479.4 cubic iuciies, Ans. 
How manj cubic inchra of copper will weigli as miicli ii 
cubic inches of cast ironl 

By tabular weight per cubic inch — 

.3211 : .2C0T3 : : 479.4 : 389.27 cu'nr. iiHih™. Am 
Or, bj specific graviticB — 

8.878 : 7.200 : : 479.4 l 389,27 cubir inch™. An.^. 
Or, by tabular ratio of ivoigUt — 
.9258 
470.4 X 1J4U1 

A cast ircn reetiicgulai" weight is to be i!uiistrur!lx!il liaviii; 
breadth of 4 inches and a thickness of 2 inches, and its ivcigli 
to be 18 Iba. ; what must ha ite length ? 
18 
4X2X.20073=^'*^3 '"'*''<*■ ^"'■ 
A cast iron cylinder is to bo 2 inclies in diameter, Qn'l is to we 
C lbs. ; what must be its longtiil 

,20073 X .7854 =.2047 lb. — weight of 1 cyl. inch, then 
2:^^-2557 =7.327 inches. ^».. 

A east iron cylinder is to weigh 6 lbs., and its length is (« 
7.327 inches ; what must be its aianietcr 1 



■^(^7.32TX.2047 j = 



2 inches. Atis. 



A east iron weight, in the form of a prismoid, or the frusimm of 
a p^ramiil, or thofruslnim of a cone, is to be construeted that u iU 
weigh 14 Ills., and tlio area of one of the bases is to be Hi incboH, 
ftnd that of the other 4 inches ; what luuBt be the Icngtb of tlie 
weight ! 

14 



A model for a piece of casting, made of dry white plni 
7 lbs, ; what will the easting weigh, if made ol conimon br 
By specific graTities — 

.554 : 8.C04 : : 7 : 108.71 Ito- Ans. 
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T-lihiUling the Weight of One Foot in Lmijth of F/at, Solkd Inn; 
Breadth and Thiclcness in Indies, Weight in Pounds. 



Ilf. nrrt Th 


Wd't 


Br. uid Th. 


"L?' 


"'(n^'^' 


It?" 


''^tl'."' 


m. 


i by 


.211 


H by i 


3.69« 


H by 


2.957 


2) by 


8.691 




.422 


1 


4.224 




3.606 




4.488 




.681 


1 


4.752 




4.485 




5.886 


S hy 


.264 


IS by 


.581 




5.175 




6.284 




.C28 




1.161 




5.914 




7.181 




.792 




1.742 




6.653 




8.070 




1.056 




a823 




7.398 




8.977 


i by 


.816 




2.904 




8.182 




9.874 




.638 




3.485 




8.871 




10.772 




.950 




4.066 




9.610 


2.1 by 


.950 




1.267 


1 


4.647 


n by 


.792 




1.901 




1.584 


H 


5.228 




1.584 




2.R5I 


S l>y 


.860 


i1 


6.808 




2.376 




3.802 




.78a 


ij by S 


.634 




8.168 




4.752 




1.108 
1.478 


i 

i 


1.267 
1.901 




3.900 
4.752 




5.708 
6 658 




1.848 


i 


2.534 




5.544 




7.C04 




2.218 


1 


8.168 




6.336 


1 


8.654 


1 by 


.422 


1 


8.802 




7.129 


1 


9.506 




.845 


1 


4.485 




7.921 


1 


10.466 




1.267 


1 


5.069 




8.718 


1 


11.406 




1.690 


1 


5.703 




9.S05 


1 


12.366 




2.112 


1 


6.337 




10.297 


1 


13.807 




2.58-1 


I 


6.970 




11.089 


n by 


1.003 




2.967 


1| by 


-686 


2 by 


.845 




2.006 


IJ l-J 


.475 




1.878 




1.690 




3.010 




.950 




2.059 




2.534 




4.018 




1.425 




Z746 




3.379 




5.016 




1.901 




3.432 








6.019 




2.376 




4.119 




5.069 


I 


7.023 




2.851 




4.805 




Q.914 


1 


8.026 








B.492 


1 


6.759 


H 


9.029 




3!802 




6.178 


IS 


7.604 


1 


10.032 


M ijy J 






6.8(!4 


1.1 


8.449 


1 


11.086 




1.050 




7.551 


n 


9.204 


H 


12.039 




1.584 


1 8.237 


li 


10.138 


l| 


13.042 




2.112 


n by .739 


^i i.y 1 


.898 


13 


14,046 




2.040 


1.478 


h 


1.795 


2 


16.052 




8.188 


2.218 




2.693 


.%.^yi 


1.050 
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laiiT OF FLAT, R0I,1.BD lltON 

TABLE. — Omlinucd. 



inck. 


Wfight. 


in^ft. 


Weight. 


ine*. 


Weight. 

lb!. 


^''*«"*.'" 


Weight. 


24by ^ 


2.112 


25 by 1 


16.264 


3j by ! 


6.865 


8i by 1ft 


20^694 




3.168 


1 


n.426 




8.238 


1- 


22.178 




4.224 




18. 587 




9.610 


n 


23.762 




5.280 




19.749 






% 


25.847 




6.330 


2 


:!0.911 


li 


12.356 


2 


28.515 


i 


7.303 


2S by 


1.214 




13.729 


2 






8.449 




2.429 




15.102 


2 


34.851 




9.506 




3.G44 




16.475 


4 by 


1.690 




10.561 




4.888 




17.848 


: 


3.379 




11.617 




6.073 




19.221 


1 


6.769 




12.678 




7.287 




20.694 


1 


10.139 




13.729 




8.502 


2 


21.967 


1 


18.518 




14.786 




9.716 


2 


24.718 


1 


16.898 




15.841 


1; 


10.931 


2 


27.459 


1. 


20.277 








12.145 


^ by 


1.478 


1 


23.657 


21 by ! 


1.109 




18.300 




2.957 


2 


27.036 




2.218 




14.674 




4.486 


n 


30.416 




3.827 




15.789 




5.914 


2, 


33.795 




4.436 




17.003 






2 


37.175 


e 


5.546 




18.218 




8:871 


3 


40.556 


J 


6.653 




19.482 




10.850 


3 


43.934 


1 


7.762 


2 


20.647 






H by 


1.795 




8.871 


2 


21.861 




13.807 




3.591 




9.980 


3 hy 


1.267 




14.786 




7.181 




11,089 




2.535 




16.264 




10.772 




12.198 




8.802 




17.743 


1 


14.868 




13.307 




G.0fi9 




19.221 


u 


17.954 




14.416 




6.837 


1| 


20.700 


H 


21.544 




15.525 




7.604 


1| 


22.178 


11 


25.185 




16.684 




a87] 


2 


23.657 


2 


2a726 


2 


17.742 


1 


10.189 


2 


26.614 


21 


32.817 


2 


18.861 


M 


11.406 


2 


29.571 


2 


35.908 


2^ by 


1.162 




12.678 


2 


82.528 


^ 


89.498 




2.323 




18.941 


n by 


1.584 


8 


48.089 




8.485 




15.208 




3.168 




46.680 




4.647 




16.475 




4.752 


3 


50.271 




5.808 


1 


17.748 




6.837 


ih by : 


8.802 




C.970 


1 


19.010 




7.921 


4 


7.004 


1 


8.1S2 


2 


20.277 




0.605 


1 


11.406 




9.294 


2 


22.812 




11.089 


1 


15.208 




10.455 


2i 


25.846 




12.673 


u 


19.010 




11.617 


3i by J 


1.373 




14.257 


1 


22.812 




12.779 


i 


2.746 




15.842 


1 


26.614 


li 


13.940 




4.119 




17.420 


2 


30.416 




15.102 


\ 


5.492 




19.010 


2* 


84.218 
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WEIQllT OP IFLAT, ROLLED IRI 

TABLE. — Continued. 



Br.iDdTh 


Weisht. 


Bt.ajialh. 


Weight. 


Br.imilTh 


Weight. 


Br. and TU 


ff^LL 


inoh. 




inch. 


lbs. 


inci. 


lbs. 


J«o*. 


»s. 


ih by !Ji 


38.020 


43 by a 


48.158 


5iby % 


18.307 


5iby2 


37.175 


'A 


11.822 




52,172 


1 


17.743 


24 


16.469 




16.624 




56.185 


H 


22.178 


8 


56.762 


8 


19.426 


Q by i 


4.224 


li 20.614 


51 by i 


4.868 


8 


53.228 




8.449 


H 31.049 


i 


9.716 


1| by 


4.013 




12.678 


2 35.485 


I 


14.574 




8.02G 


1 


16.898 


ai 39.921 


1 


19.432 




12.040 


u 


21.122 


2i 44.350 


li 


24.290 


1 


16.058 


M 


25.347 


8 58.228 


Ij 


29.146 


H 


20.000 


13 


29.671 


5i by i 4.flW 


M 


34.007 


1 


24.070 


2 


83.795 


i 9.294 


2 


38.865 


1 


28.092 


I 


88.020 


1 13.M1 


2i 


13.728 


2^ 


82.106 


42.244 


1 18.687 


2i 


18.581 


n 


36.119 


8 


16.469 


li 23.234 


3 


58.297 


n 


40.132 


5i by i 


4.436 


I4I27.88I 


6 by 4 


5.089 


i 


44.145 


h 


8.871 


13(32.628 




. 



WEIGHT OF METALS IN PLATE. 

Tlic ivplgiit of a SQUARE FOOT o»e inch tliii^k of 

Malleable Iron . . =^ 40.554 Ibs- 
Com. plate " - ^.t?-!fil " 

Cast Iron 
Copper, WTOUglit 

Brass, plate, com. 
Zinc, cast, pui'e 
" sheet 

And for any other tJiickneas, greater or less, il is tlie same in pro- 
portion ; thus,. a square foot of sheet copper -5^ of an inch thick 
= 46.24 — 10 — 2.83 lbs. Ami 5 square feet at that tliiclrncss 
= 2.80 X 5=14.45 lbs., &e. So, too, 5 square feet at 2| inches 
lhiL'kncs9=^4G.24 X 2.5 X 5 — 5^8 Iba. 
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THE AMERICAN WIRE GAUGE. 

The American Wire Gauge was prepared by Messrs. Brown anil, 
Sharp, tnanuractnrers of miLchinistii' tools, ProvideDce, K. I. Ic ia' 
{graded upon ^rcometrical priociplcs, is rapidly becoming tlie stan<I- 
anl gauge with manufeiilurers of wiro and plate in the United 
States, and cannot fail to supersede tlie use of the Birmingham 
Gauge in tliia coimtrj-. 



Showing Ae Linear Measures represented hg Nos. American Win 

Gauge and Birmingham Wire Gauge, or Oie values of 

the Nos. in die United-Stales Standard Ineli. 





























.»^. 














K» 








J»r4. 


... 




i«a. 


Ik.. 




7«1, 


f™*. 




I,A. 


Inrt, 


0000 


.4GO00 


ITa 


8 


.12840 


Tigs" 


19 


03589 


,042 


SO 


.01003 


~0n 


000 


.40964 


A2h 


9 


.11443 


.148 


20 


03196 


035 


31 


.00893 


010 


00 


.3G4S0 


.380 


10 


.10189 


.134 


21 


02846 


,032 


32 


.00795 


009 





.324M 


.340 


11 


.09074 


.120 


22 


.02586 


.028 


S3 


.00708 


.003 


J 


.28030 




12 


.08081 


.109 


23 


.02267 


.025 


34 


.00630 


.007 


2 


.25763 




13 


.07196 


.096 


24 


.02010 


.022 


36 


.005G1 


.005 


3 


.22942 


!269 


14 


.00408 


.083 


25 


.01790 


.020 


36 


.00500 


.004 


4 


.20431 


.238 


15 


05707 


.072 


26 


.01594 


.018 


37 


.00445 




5 


.18194 


220 


16 


.05083 


.0G5 


21 


.01419 


.016 


38 


.00396 




C 


.1G202 


,203 


17 


.0452G 


.058 


28 


.01264 


.014 


39 


.00353 




7 


14428 


180 


18 


.04030 


,049 


29 


,01126 


.013 


40 


.00314 





Thus the diameter or size of No. 4 wire, American gange, is 
0.90431 of an inch; Birmingham gaogo, 0.238 of an inch: so the 
'1111CKNKS8 of No. 4 plate, American gauge, ia 0.20431 of au 
ini^h ; Birmingham gauge, 0.238 of an inch; and so lor the other 
Nos, on the ^augea respect! vi:ly. 
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Shmomg the Ntanher of Linear Feet in. One Pound, Jiwirdujwis, oj 
Different Kinds of Wire ; Sizes or Diameters corre- 
sponding to Nos. American Wire-gauge. 



No. 


Iron. 


Copper. 


BrasB. 


^0. 


Iron. 


Copper. 


Brii«a. 


Jp-rat, 


Feat. 


Feel. 


F<xt. 


Feet. 


Fixt. 


0000 


1.7834 


i.sfiie 


1.S552 


19 


293.00 


256.57 


271.94 


000 


2.2488 


1.3692 


2.0872 


20 


S9G.4I 


347.12 


SG7.92 


00 


2.835« 


2.4830 


2.G318 


21 


4GS.83 


407.91 


432.35 





3.5757 


3.1311 


3.3187 


22 


587.35 


514.32 


545.13 


1 


4.5088 


3.9482 


4.1847 


23 


740.74 


648.63 


687.50 


2 


5.ti854 


4.9785 


5.27G8 


24 


934.03 


817.89 


8C6.90 




7.1G0fi 


6.2780 


6.6542 


25 


1177.7 


1031-3 


1093.0 




9.0403 


7.91G2 


8.3906 


26 


1486.0 


1300.4 


1378.3 


5 


11.400 


9.3825 


10.581 


27 


1872.7 


1G39.8 


1738.1 


G 


U.S76 


12.588 


13.342 


28 


23GI.4 


2067.8 


2191.7 


7 


18.127 


15.873 


16.824 


29 


2977.9 


2G07.6 


2763,8 


8 


22.857 


20.015 


21.214 


30 


3754.8 


3287.9 


3484.9 




28.819 


25.235 


26.748 


31 


4734.2 


4145.5 


4394.0 


1( 


36.318 




33.735 


32 


5970.e 


5221.2 


5541.4 




45.829 


40.131 


42.535 


33 


7528.1 


G532.0 


G987.0 




57.790 


50.604 


63.636 


34 


9495,6 


8314.9 


8813.1 


1! 


79,049 


G 3.878 


67.70G 


35 


11972 


10483 


11111 




31.861 


80.439 


85.258 


3G 


16094 


13217 


14009 


15 


115.8G 


100.75 


107,53 




13030 


16664 


17662 


le 


14G.10 


127.34 


135.60 


38 


24003 


21018 


22278 




184.2C 


168.35 


171,02 


39 


30266 


26503 


28091 




232.34 


203,45 


215.64 


40 


38176 


33342 


S5433 



None. — In thiq TAiiLE the iron an 
nearly pure. The BpeciOc'grnvily of th 
latter, nt 8.878. llie Biiedfio gravity of 



onppcr employed ni 
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Tojind the numJier of fuel in a pound of wh-e of any material not 

given in ike taule, of any sKe, American gauge, its sjiecific 

gravity heing knoien. 

EuiE, — Multiply the number of feet in a pounil of iron wire of 
thi! same size by 7.774, and divide the product by the specific gray* 
ity of tlie wire whose lengUi is sought; or ordiniwily, for steel wire, 
multiply the number of feet in a, pound of iron wire of the same 
size by 0.991. 

To fad iJic number of feet in a pound of wire of any ghen No., 
Birmingham gauge. 

Rule. -—Multiply the number of feet in a pound of the sjimc 
kind of wire, same No., American gauge, by the size, Am.<^rif;m 
gauge, and divide the product by the size, Birmingham gauge. 

Example. — In a pound of copper wire No. 16, Ameriean 
gauge, there arc 127,94 feet : how many feet are there of the same 
kind of wire, same No., Birmingham gauge ? 

'(137.94 X .05082) 4- .065 — 100.03. Ans. 
Tojind the wetglit of any gioen length of wire of any given No. or 

size, American gauge, or the length in any gtaen loeighl, by help 

of the foregoing TAEI-a. 

Example. — Eequired the weight of GOO feet of No. 18 iron 

GOO -e- 232.34= 2.5822 lba.=:; 2 lbs, 0^ oz., nearly. Ans. 

Example. — Eequired the length in feet of 2^ lbs. of No. 31 

43D4X 2.5 — 10985. Ans. 

Characteristics of Alloys of Copper and Zinc — Brass. 



I'orteby 


Weight 


Specinc 




Dcnommaton. 


Copper 


Zinc. 


Gravity. 


Ciilor. 


83 


17 


8.415 


Yellowish Red. 


Bath Metal. 


80 


20 


8.448 




IJutch Brass. 


741 


25.1 


8.397 


Pale ycliow. 


Rolled ShMt Brass. 


(id 


34 


8.209 


Full 


Kngliaii Sheet Brnss. 


m 


60.V 


8.230 




Uermnn Sheet Brass. 


33 


C7 


8,284 


Deep " 





NoTic. — To flilojs of copper nnrt lino, genemlly, tliei 



1NI> COMPOSITIOSSI. 
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Sliovniiff the Weigld of One Square Foot of Rolled Melah, lliklm 
cnrrespondmy to Nos., American Wire-gauge. 



Tliluknoss 


Iron 


btod 


Copper. 


Bl«5B. 


Lead. 


Kinc. 


No. 


Vtmads 


/■0M«rf< 


Poandi. 


r<Mnd>. 


roumU. 


Pomuh. 


1 


10.849 


10.999 


13.109 


12.401 


17.102 


10.833 


2 


9.GGII 


9.7953 


n.G74 


11.043 


15.223 


9.G406 


3 


8.G032 


8.7227 


10.396 


9.8340 


13.5G2 


3.5903 




7.6616 


7.7680 


9.2578 


8.7570 


12.078 


7.6501 


5 




G.9175 


8,2443 


7.7988 


10.755 


C.8l'20 


G 


6.0758 


6.1G01 


7,S4IG 


G.9450 


9.5779 


0.0007 


7 


5.4105 


5.485fi 


6.5377 


G.1845 


8.5291 


5.4024 




4.8184 


4.8853 


5.8222 


6.5077 


7.6957 


4.8112 


9 


4.2911 


4.3507 


5.1851 


4.9060 


0.7645 


4.2847 


10 


3.820!) 


3.8740- 


4.0169 


4.3075 


6.0233 


3.8151 


11 


3.4028 


3.4501 


4.1117 


3.889G 


5.3042 


3.3977 


12 


3.0303 


3.0720 


3.6G1G 


3.4038 


4.7770 


3.0257 


13 


2.G985 


2.73C0 


3.2007 


3.0845 


4.2539 


2.0934 


14 


2.4035 


2.4365 


2.9042 


2.74 73 


3.7889 


2.3999. 


15 


2.1401 


2.1698 


2.5829 


2.4463 


3.3737 


2.1369 


10 


1.0068 


1.9322 


2.3028 


2.1784 


3.0043 


1.0029 


17 


1.C37I 


1.7207 


2.050G 


1.9399 


2.0753 


1.6945 


I'S 


1.5114 


1.5324 


l;83G3 


1.7270 


2.3326 


1.5091 




1.3459 


1.3G4G 


1.02G3 


1.53S4 


2.1217 


1.3439 


20 


1.1 085 


1.2152 


1.4482 


1.3700 


1.8893 


1.1967 


21 


1.0G73 


1.0821 


1.9807 


1.2300 


1.0768 


1.0657 


22 


.95051 


.9G371 


1.1485 


1.08G5 


1.4984 


.94908 


23 


.8404! 


.85815 


1.0227 


.9GJ49 


1.3343 


.84514 


24 


.75375 


.7G422 


.91078 


.86158 


1.1882 


.75262 


25 


.G7125 


.08057 


.81109 


.JG728 


1.0582 


.G7024 


2e 


.59775 


.Goeo5 


.72228 


.08326 


.94229 


.59085 


27 


.5323! 


.53970 


.04345 


.G0846 


.83913 


.53151 


23 


.47404 


.48062 


.57280 


.54185 


.74728 


.47333 


23 


.42214 


.42800 


.51009 


.48242 


.66546 


.42151 


30 


.37S94 


.38110 


.45426 


.42972 


.5920n 


.37538 



Irad, 11.300; Zinc,7.18». 
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TIM PLATES, 



TIN PLATES. 



.. 


Siwof 


\Q.0f 


"klI 




SiMUf 


Ko. of 


M«t 1 


UaiJtB. 


SbecUlu 


ShMta 


Wmsht 


Brand Mmto. 


Slicolsiu 


SbeolB 


210 


!C 


U X It 


•2U0 


T-io' 


SDXX, 


iTxii 


200 


IC- 


14X10 


•i-20 


112 


SDXXX 


15 X" 


200 


2:: I : 


uc 


14X10 




119 


SDXXXX 


15X11 


200 


25-„' j 


HX 


14X10 


225 


1-17 


XT 


14X10 


225 


1I-: 


IX 


uxio 


235 


140 


IC 


12X12 


225 




IXX 


14X10 


225 


lei 


IX 


12X12 


225 


H7 


IXXX 


14 X JO 


2^5 


182 


" IXX 


12X12 


225- 


iG» 


IXXXX 


14 X 10 


■225 


203 


" IXXX 


12X12 


225 


180 


iX 


U X 1-1 


200 


174 


" IXXXX 


12X12 


235 


210 


IXX 


14 X 14 


200 


200 


10120 X U 


113 


112 


DC 


l?X12 


100 


105 


;' 1X20 X 14 


112 


110 


DX 


17X12 


100 


12G 


IXXi20Xl4 


112 


101 


uxx 


17X12 


100 


147 


■' IXXX20 X 14 


113 


182 


DXXS 


17X12 


100 


108 


" IXXXX'20 X 14 


112 


203 


DXXXX 


17X12 


100 


130 


Tei'nes 1020 X 14 


112 


112 


SDG 


15X11 


200 


liiS 


IX 20 X 14 


112 


140 


SDX 


15X11 


200 


189 


1 







NijTi!. — Tlie above taui-b : 
&u.. uf tli« diuWcnt Uraud'a, i 



clndcs hI[ lliu ifKuInr bitxb und 
I aftEu irnpurtcd Iniu tlio IJuitc 



Common English Slicet Iron, Noa. 10 to 28, Biimingham gauge, 
witltbs from 24 to 36 inehes. 

II. 0. Sheet Iron, Noa. 10 to 50, Bii-uiiiigliam gauge, widtUs from 
21 toSG inohca. 

American Puddltd Sheet Iron, Nos. 22 to 28, Birmingham 
gauge, widths from 24 to.3G inches. 

lluaaa Sheet Iron, Noa. 10 to 8 inclusive, Ruaaia gauge, slice ts 
28 X Sfi inches. 

Sheet Zinc, Nos. 10 to 8, Li«ge giuigu, widtha from 24 to 40 
iiifhes; lenn;th 84 inches. 

Copper Sheathing, 14 X 43 inuUcs, 14 to 32' oz. (even numhera), 
l>i;r ajuare foot. 

Yellow Metal, in sheets, 48 X 14 jnohea, 14 to 32 oz. (even uum- 
hiii's), per square foot. 
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TABLE 

w GU fCy 

' nrh ph B 



Wiuu't. 


Oiillona. 


Dhd 








Dbu 


Gal 


in cms. 












fn 







.1224 


4 





i 




243 


20 


fil 


.1328 


-i 


53 


1 




25 


2 


4 


.1437 


21 


5 


19 


2''7 


24 




01 


.1549 




40 


1 


1 


25i 




7 


.1606 


4 


9 


194 


3 


S 




74 


.1787 


3i 


9 


1 1 


3 6 


26 


9 


7i 


.1913 


35 


4 8 


20 


1300 


4 


4 


73 


.2042 




6604 


204 


394 


h 




8 


.2176 


4 


M 


20i 


42' 


26i 


433 


8 


.2314 




49 


201 


61 


2 


24 


81 


.2457 


4 


9 


2 


4 9 


274 


-4 


81 


.2603. 


5 


050 


i 


535 


i 


2 


9 


.2754 


54 


90 


2U 


5 2 


i 


2 518 


9i 


.2909 


h 


8 09 


21 


OOS 


s 


20 6 


01 


.3069 


53 


8434 


22 


040 


4 


2 3 


9i 


.3233 


1 


01 


224 


68 


i 


6 


10 


.3400 




80 8 


22i 


2 


^i 





lOi 


.3572 


6i 


25 


^ 


00 


9 


8 


lOi 


.3749 


1 


39 


23 


9 


94 





va 


.3929 




8 


4 


83 


1 


009 


11 


.4114 




20 


23i 


8 


3 


3 00C 


lU 


.4303 


i 





21 


8 


3 A 


6 


111 


.4497 


175 


1.0710 


24 


1.958 


al 


3.204 


lis 


.4694 


18 


1.1020 


24i 


1.999 


31i 


3.374 


12 


.4896 


184 


1.1320 


244 


2.041 


32 


3.482 



App/katiirns of the furegoing TaBLE. 
E;(.iMi'Lii]. — A cijlindrioiil can ia 114 incIiM in diameter, and its 
ili^ptli 13 18f inehcs ; required its capacity. 

.-1303X 18f = SealloM. Ans. 

ExAMi'LB. — Tlw diMiiotorofacan containing oil iB205 inches, and 

tijo oil 18 14i inches in deptb . How man j gallons aro there of the oil t 

2.388 X lid = 34.6 gallons. Ans. 

K.^AMi'LE. — A can ia to he oonatraotod that will hold just 30 f;:il- 

'uo'i. and its diameter je to he 18 inches ; what lunat be its depth ? 

36-r- 1.102 = 321 inches. Ans. 
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CAPACITY OF CYLINIIRICAL C 



ExAMi'LK. — A u^linilriistl eiin is lo iic cunstrtiEtcd tliiit shall liavc 
it depth of 15 iiichca ami a capacity uf just 5 giilluns ; what must he 
its diiunQtor? 
5 -u 15 =3 .3333 1= capivdty of can in salloiiw for cawli inch of depth ; 



T, nearly. TLns, ia anBVOir » Uio laat unorjr, 

.3100 ; ID :: SSSa ■■ 3.S iiKbea, Uie required ui true diameter, iioaily. 
lallicinaUcal totmnla slrielly npplLcaWe lo lliia qiienliun, sm Oiudisa 



' Depth X ■'"6* 
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WLiGHT or ririis. 



WElUli'l" OF PIPITS. 



Tliu weight ol' oMu KooT IN LEN{iTu of 0, ptpc, ol' ally diajneUr 
and Ihictness, may be ascertained by multiplying the Bquare of ila 
exterior diameter, in inches, by tlie weight ot 12 cvlinihical inches of 
the material of wliich the pipe ia composed, and by multiplying llie 
square of its interior diameter, in inches, by the same factor andsub- 
imctiii^ the product of the latter frum that of the former, — the 
remainder or difference will be the ueiglit. This is evident from the 
fact thai tlie process obtains the weight of two Solid cylinders of equal 
lengili, (one foot,) the diameter of one being that of the pipe, and the 
ulher that of tlie vacancy, or bore. Fur very large pipes, the dimen- 
sions m'ay. be titkeii in feet, and the weight of a cylindrical foot of the 
malerial used as llie fector, or multiplier, if desired. 

The weight of 12 a/Kndrical inches (length 1 foot, diameter I inch) 



Malleable Iron 


= 3.G543 lbs. 


Cast Ii-on 


= 3.4573 " 


Copper, wrought. 


= 3.0317 " 



Oastlron— 1 «y. foot— . =353.86 '■ 

Tlierefiirc — Example. — Required the weight of a copper jiipe 
whoso length is 5 teet, exterior diameter 31 inches, and interior 

3i = -V^ X -"^ = 10.5635 X 3.0317 = 33.022 + 
3X3 = 9X3.0317 = 27.285 -j- 

Ans. 4.737 X 5 = 93.085 llis. 

KxAMPLE. — Required the weight of a cast iron pipe, whose length 
ia 10 feet, exterior diameter 38 inches, and interior diameter 3 feet. 
SS' X 2.4573 — 36^ X 3.4573 = 303.68 X 10 = 3636.8 lbs. A .is. 
Or, 38' — 30' = 148 X 3.4573 = 303.68 X 10 = 3036.8 lbs. -4n.s. 

Example. — Required the weight of a lead pipe, whose lengtli is 
1200 feet, exterior diameter J of an inch, and iiiterior diameter ,Pg 
of an inch. 

t X A = ^sfe = -316406, ami 
f.6697 X 1200 = 3080 lbs. Ans. 



Example. — The length of a ca 
exterior diameter is 13 inches, and i 
required its weight. 

12' _ 10= r= 44 X 2.4573 = 108. 12 lbs. 
Or, 144 : 353.80 : : 44 : 108.12 !bs, A-i 
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ThtfuUowing Table exMhils tlie coefficients of weight, in pounds, of 
one foot in length, of various thicknesses, of different kinds of pipe, oj 
any JiaimliT ' ' 





k::= 


-C*' 


c.ev,.. 


I...J. 






A 


.333 


.379 


.484 






tV 


.664 


,75H 


.9675 






A 


.005 


1.137 


1.451 






i 


1.337 


1.510 


1.935 






A 


1.658 


I.e'Jl 


3.417 






A 


1.00 


2.374 


3.901 






s'l 


3.323 


S.653 


3.38R 






t 


3.654 


3.032 


3.87 






A 


3.318 


3.79 


4.837 






S 


3.981 


4.513 


5.805 






P,«ot. 


c.„ 


,.». 






A 


1.843 


} 


6.143 


li 


13.287 


i 


2.457 


7.373 


li 


14.714 


1 


3.686 


I 


8.C 


l| 


17.201 


I 


4.001 


I 


9.833 


3 


10.059 



To okain tltevyeight ofppcs by means of the oioye Table — 
IliJLB. — Multiply the diameter of Iho pipe, taken frum Ihe iriUTJ.ir 
siirfikce of ihu metal on tlie one side to the exterior Biirface on the 
o|'|Hisite, (interior diameter + thiekneaa,) in inuhes, by the muiiher 
ill the tahle niider ihe respective ineiars name, and opposite the 
ihicknesa mrrcspnniJing to that of tlie pipe — tiie product will lie Ihe 
wuight, in ponnds, of ONc foot in length of the pipe, and tiial product 
multiplied by the lenglli of the pipe, in feet, will give tlie weight for 
iiiiy length required. 



3J = ^ = 3.125 X 1-5IC X 5 = 23.087 lbs. Ans. 

F.XAMW.K. — Required the weiftht of a cast iron pipe, 10 feet ir> 

length, whose interior diameter is 3 feet, and whose thiekness is 1 inch. 

36 -i- 1 = 37X9-899 X 10=- 3036.73 lbs. Ans. 



Hosted by Google 



WEIGHT OF CAST IRON AND LEAD BALLS. 
To find the wdght of a sphere or ghbe of any makrial— 
Rule. — Multiply llie cube of the diameter, in iiicbea, or feel, liy 
llie weight of a sp/icikal inch or foot of the materiii,], 
Tlio weight ol' a spherical inch of 

Casllron . = .13C5 llis. 
Lead . . = .315 " 
Therefore — Example. — Required the weight of a leaden ball 
whose diameter is j of an incii. 

i X J X i = TsV '^ -"ISfSSS X .915 ^ .00330 lb. A'is. 
Eji AMPLE. — Required the weight of a cast iran ball whose diametot 
is S inches. 

8'' X -1365 = G9.888 lbs. Ans. 
Example. — How many leaden balls, having a diameter | of an inch 
p.;ioh, aro there in a poimdt 

1 -J- .0033G = ■J^sVe"'^ = 298. Ans. 
Example. — What must be the diameter of a cost iron ball, to 
weigh G9.888 Ibsl 

69.888 -i- .1365 ^= ^512 = 8 inches. Ans. 
ExfliiiPLB. —What must l>e the diameter of a leaden ball lo equal 
in weight tliat of a cast iron ball, whose diameter is 8 inches? 
(I*ad is to cast iron as .215 to .1305, as 1.575 to 1.] 
8^ = SIS H- 1.575 = ^^325 = G.875 inches. Ans. 



WEIGHT OF HOLLOW BALLS OR SHELLS. 

The weight of a hollow ball is the weight of a solid hall of the 
same diameter, kss the weight of a solid ball whose diameter is thai 
of the interior diameter of the shell. 

Example. — Required the weight of a east iron shell whose ex- 
terior diameter is 6^ inches, and interior diameter 4^ inches. 

6J=^ X^ X ^ = 344.14 X .1365 = 33.33 

4 J =4 35^ X -ISfiS = 10.48 

S2.85 lbs. Ans. 

Or, If wo multiply the diirerciico of the cubes, in inches, of the two 
diameters — the eslerior aud interior — by ihe weight of a spherical 
inch, we shall obtain the same result. 

Example. — Required the weight of a cast iron shell ivhose ex 
terior diameter Is 10 Inches and interior diameter 8 iiichcs. 
UP — 8^ X .1X5 = 60.019 lbs. Ans. 
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AHALVSIS OV OOAti. 



ANALYSIS OF COALS. 



Cliippennlle, Pa., 
Kanawha, " 
Kttaburg, " 
Camiel, ep. gr. 1,4 
Neweastle, 
Cuinberland, 
Anthracite, a'?'g., 
Woods of moat descriptions rarj little from 80 per ( 
matter, and 20 per cent. charconL 



TiJUile MaUci' 




62.25 


29.10 


61.74 


32.14 


49.80 




41.85 




32.95 




35.28 


64.72 


24.72 


75.28 


18.40 


80. 


3.43 


89.40 



»— 


"f-" 


1" 




Mf 


'7-ssii^' 

-S- 


An-chkacitb Coals. 




,_— - 








Beaver Mendow, No. 3 


1.610 


51.93 


626.6 




1.01 


Beiivor Meadow, Ho. S 




60.19 


572.B 




.60 




1.477 


53.G6 


677.S 




.81 






48.80 




9.79 




Lehigh 


1.6D0 


65.S2 


515.1 


8.03 


1.08 




1.464 




681.S 


10.11 




BinjMiNoua Coai.b. 












Blossbargh 


L321 




622.6 


9.72 


3.40 


Cunnelton, la. 


1.273 


47.65 


360.0 


7.3* 


1.6* 


Clover Ulll 


1.2SS 


15.19 


360.3 


7.07 




Cmnberland, nv-rn,;.. 


1.32S 


53.60 


652.8 


10.07 


3^33 


Iiiierpool 


1.262 


47.83 


411.2 




1.8G 


Midlothinn 




64.0* 




8^29 


8.82 


N-owoiiBtlo 


1.257 


50 .B2 


153.9 




3.1* 














Pitlaburgh 


1^252 


46^81 


3S4!l 


8.20 


.01 


Scotab 




51.00 


3«9.i 






Sjdnay 


lisss 


47.44 


33«.l 


7!oa 


2!25 


Coke. 
















S1,5T 


284.0 


8.09 




Midlotliinn . 




32.70 


282.5 


8.63 


10.51 


Jilt u ml Virginia 




4G.C1 




' 




Wood, 












Dry I'itio Wood 




21.01 


9B.G 


■ 4.69 
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MENSHEATION OF LUMBER. 
To find the contenls of a board. 



n squaro 



Ekakple. — A board ia 10 feet long and 10 incliea wide; liow 
many aquare feet does it coatain ? 

16 X 10 = 100 -!- 13 = 13/j. Ans. 

Tofindlhc coiUents of a plank, joist, or stick of sf/iuire timber. 

— Multiply the prodact of the depth an<! width in inches (ij 



KxAXPLE. — A joist is 10 feet long, 5 inches wide, and 2J inclica 
thick ; how manj feet does it oont^kin, board uiciieuic 1 
5 X 2.5 X 16 -r- 12 =. 10^^7. Arts. 

To find the solidity of a pknk, joist, or stick of square timber. 
lluLB. — Multiply the product of the depth and width in inches 



ExAJCPLE. — A Btick of timber ia 10 bj inches, and 14 feet in 
length ; what ia its solidity! 

10 X = 00 X 14 = 840 -5- Ui = 5g feet. Ans. 

TTOTU. — If aboard, plniib, or Jolat Is nuTFowEr (it one end thna.thc other, 
add tlio t>7D ends toiretber and divide the enm by 2; tlic qoatlcnC will be tUe 
mean width. And if a Btiot of aiiiinrert timber, whose aolldit/ Is required, ia 
narrowcratono end thaji the other r^ + a+^Jn^-r3 = me.in area. A and 
II being the oioua of tho ends. 

To measure round timber. 
Rule (in cesebal PBACTiCB.i — Multiply the length, in foet, hj 
llie square of ^ tlio girt, in incuea, taken about J the diBtdnce from 
^the latter end, and divide tba product by 144 ; the quotient is con- 
aidered the cODtonte in cubio feet. For & striotly correct rule for 
measuring round timber, see Mknsuratio-v of Solids — FVustvm of a 

ExAMPijE. — A stick of round Smber is 40 feet in longtb, and 
girts 88 inches ; what is its solidity ! 
88-4-4 = 22X22 = 4S4x40 = 103(;0-Hl44— i;U.44cub. It. Ans. 
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UGKSUBATION OF LL'MBEU. 



iOiitln A 


rea In 


i<l til 


A tn 11 


iOlrlli 


Area in 


i Qiit tn 


Ares ill 




feet. 






Ineh3 


X-xl. 




teia. 


« 


25 


12 


1 


IS 


2 26 


24 


4. 


6-1 


272 


121 


1042 


IMt 


2 813 


24^ 


4.084 


4 


291 


1.3^ 


1085 


m 


2^76 


244 


4.168 


4 


817 


I2| 


1129 


n\ 


2 442 


24| 


4.264 


7 


34 


18 


1174 




2 50(1 


25 


4.84 


7i 


364 


18i 


1219 


-iH 


2.574 


251 


4.428 


7i 


39 


134 


1265 


A 


2 64 


254 


4.516 


H 


417 


13^ 


IBia 


19| 


2 709 


251 


4.605 




444 


U 


1861 


20 


2.777 


26 


4.694 


H 


472 


U\ 


141 


201 




261 


4.785 


4 


601 


lii 


146 




2 917 


264 


4.876 


4 


531 


14 


1511 


203 


2 99 


263 


4.069 


9 


662 


15 


1%2 


21 


8 002 


27 


6.062 


n 


594 


15i 


lbl5 


211 




27i 


6.158 


■ 04 




154 


166M 


2U 


3209 


274 


6.252 


of 


659 


15i 


1.7:i2 


211 


8.286 


27i 


5.848 


10 


694 


16 


1.777 


22 


8.862 




5.444 


lOt 


73 


36-1 


1.833 


231 


8.438 


281 


5.642 


1114 


760 


lej 


1.89 


224 


8.516 


284 


6.64 


in| 




lei 


1.948 


221 


8.598 


283 


5.74 


li 


^4 


17 


2.006 


28 


8.673 




5.84 


11 


878 


17| 


2.060 


281 


8.754 


291 


5.941 


11 


918 


174 


2.126 


28i 


3.R36 


294 


6.044 


11 


959 


17i 


2.187 


281 


3.917 


30 


6.25 



To find the soUdily of a log hy lielp <f the preceding table. 

Rule. — Multiply the tabular area oppoBito tho correHpondin); 
1 girt, by tlie length of the log in feet, and the product will l>e tho 
sdidity m feet. 

ExAHPi.B. — The i girt of a log is 22 inches, and the length of the 
log h 40 feet ; required the Boliditj of the log. 

3.3G2 X 40 = 134.48 cubic feet. Ans. 

NiiTiE. — Tlumgh Histoin has «taUisfaeil, In nveiyemsral wn;, the pruelinK mctlinrl 
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30X2i=iM-|-i2=wax.18Hx«=aa»e84-iM= 


thu noHier Uu) aliclc approiuhH to Uis flipin ota cyUodiir, 


lK.i*a-n tbe trmli uhI tbe rEwll oUainsI b; tbe methai r 




Qhius rale, ai,ah«e,lS*.«oqHq feet i «ui- 


Bx a correct metbiBl, we haio— 


33'X-»S54X10=24830-M4J.=II1 cubic lbPt,ot o»c 




Asain i auppme the stick in the (raiu of n oonc, M incha 


iviiiit at 160 feel in fcinetb ; and m have, by a correct m\o 


30^^8=300 X .TSM X 150 =S53«-M44 =245.44 cul 




20 XS-1416=Si8S2-i-*=16.I08"xl60 == 31011.10 -^ 




in sliort, wilhout taking into aceonnt aiiylhliiB for the li 


l« auiipoaal tobe on the Blick, the nietho.1 ia oorreot ml. 


pue of H iKhea dtantiter per each W JSel in lei^h, or ov 


Inlemrthnrtheniok. 


It, Imrevcr, we gnpixm the stick as helOre, (SO Inches B 


the Imallo', aAd 40 fo« In lei«th^ and ^mf^e the barli 
tihan have, V ths lunal nethat, 13I44 cubic tijet, 03 belbr 


lor ■ correct mettrf, we ahiU haie. 


30^Xa4=2 = Bia+lll=fl2ax.'8fi4X40=MS2 



belbre. And, ciclu^vBof ihobark, 

cniy ahriut 2 per cent, more tliau Uuit fumlohed na by the ueual pnietice. 

The following simple rale for menauring round timlior 13 auffi- 
clontly correct for most practic.'J purpoios : — 

RuLS. — Multiplj the squnre of one-fifth of the mean girt, (esclii- 
Bive of bark,) in .inchee, bj twice the length of the eUelc in feet, nnd 
divide the produet by 144 ; the quotient will be the solidity in feet. 

To find the solidity of the greatest rectangular stick Ikal may he ait 
from a given log, or from a slick of round timber of given dimeit- 

RuLE. — iriiltiply tha squnro of the mean diameter of the log, in 
inches, by half the length of the log, in foot, and divide the product 
.by 144. 

ExAHPLS. — The diameter (esclusivo of bark) of the greater bnse 
of a stick of round timhor is 30 inches, and that of tbe leas haae ia 
24 tnchea, raid the stick ia 40 feet in length ; required the solidity 
of the greatest rectangular stick that may be cut from it. 

30X24 + J(30—24)«= 732= square of mean diameter,* and 
732X20 = 14C40-^144=I01| cubicfeet. Ans. 

' Kseo|il In tlK owe ntn cylinder, Ih^ 
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MKSflOUATION 1- 



Til find llw. salidity of ilie grctilesi, square slick that may lie cut from a 
^iiKti log, or from a slick of rmmd limlier of given dmicimiims. 

Rule. — Multiply the square of the diameter of tho less cn<lof tlio 
li)g, in inches, by licilf the length of the 1<^, in feet, ami diviile 
the product by 144, 

EsAMPLE, — The preceding supposed log will make n sqiiiice siiik 

242 X -^^=1152 4- 144 =80 cubic feet. 
Di.imelCT multiplied by .7071«"side of inscribed square. 
To find the conlenls, in Board Measure, of a log, no aUoioance being 

Rule. — Multiply the square of the meftO diameter, in inchos, by 
the length in feet, and dU'ida the product by 15.28. 

Or, Multiply the square of the mean diameter in inches, by the 
langth in feet, and that product by .7854, and divide the liiat prod- 
uct by 12. 

The cubic contents of a log multiplied by 12, eqnat the contents 
of the log, board measure. 

I'he convos surface of a Frustum of a Cone = (C -[- c) X 4 Blaut 
length; C being the cirounilereneo of tlic greater base, and c the 
L'ireamference of (he less. 
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GAUGING. 

Hulks Jot finding the eapacilif in gallons or buslicU of <liffertnt 
sliapal Cislerm, Bins, Casks, i|'C., nnil a/so, by way of cxampki, for 
conslruciing them lo giuen cajiadlics. 

Rule — 1. When the vessel is rectangvlar. Malliply theinteriut 
length, breiutlh, and di^pth, in feet togeSier, smd iJie product hy the 
cajiacity of a cubic foot, in gallons or busJieJs, as dcsiied for its 
capacity. 

Role — 2. When tlie vessel is cylindrical. Multiply the square of 
its interior diameter in feel, by its interior depth in feet, and the prod- 
uct by the capacity of a cylindrical foot in gallons or bushels, aa 
desired for its capacity. 

Rule — 3. When the vessel is a rhomhis or rhomboid. Multiply 
its interior length, in feet, its right-angular breath in feet, and its 
depth in feet together, and the product by the capacity of a cubic fool 
ill the special measure desired for its capacity. 

Rule — 4. When the vessel is a frustum of a cone — a round vessel 
larger at one end than the other, whose bases are planes. Multiply 
the interior diameter of tlie two ends togetlier, in feet, add i the 
square of their difference in feet to the product, multiply the sum by 
the perpendicular depth of the vessel in feet, and that product by llie 
capacity of a cylindrical foot in the unit of measure desired for its 
capacity. 

Rule — 5. What the vessel is a prismcld or the frustum of ang 
regular pyramid. To the square root of the product of the areas of its 
ends in feet, add Uie areas of tie ends in feet, multiply the sum by 
i its perpendicular depth in feet, and that product by the capacity of 
a cubic foot in gallons or bushels, as desired fur its capacity. 

If it is found more convenient to take the dimensions in inches, do 
so ; proceed as directed for feet, divide the product by 1738, and mul- 
tiply the quotient by the capacity of the respective foot as directed. 
Or, multiply the capacity in inches by the capacity of the respectivu 
inch in gallons or bushels; — by the quotient obtained by dividing the 
capacity of the respective fool in gallons or bushels by 1738 — for 
the contents. 

Rdi.k — 6. When the vessel is a barrel, hogshead, pijie., i^c. Mul- 
tiply the difference in inches between the bung diameter and head 
diameter, (interior,) if (he staves be 
much curved, . 

straighter than medium, by .( 

nearly straight, 

and add llie product to the head diameter, lakeu in inches ; then mul- 
tiply the square of the sum by the length of the cask in inches, f- ^ 
divide the product by the capacity in cylindrical inches of a gallon 



by .7 1 
by .05 1 

by .55 J 



Sec page 03. 
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oirQiNO. 61 

Ijushcl ii3 (lusirod fur tiio contents. Or, divide tlie contents in fy?tn- 
(Irical inclips, as above found, bj 1728, and multiply the quotient by 
the capacity of n cylindrical fool Id gallons or bushela as desired for 
its contents. Or, multiplv the capacity in cylindrical inches by the 
rapacity of a cylindrical inch, in gallons or bushels, as desired, — 
tliat is, by the quotient obtained by dividing the capacity of a cylin- 
drical (but in gallooa or bushels, by 1723, for the cootouta. 
'I'he capadti/ of a 



5.8751 Winchester wine gsUona. 

4.8126 Ale 

4.8047 Imperial 
.63111 Winohostor buslicl. 

.49391 ■' heaped " 

.50489 " liovcQ '■ 

.01183 Imperial " 



7,4805 Winchester win 
(i.l276 Ale 
a.2321 Imperial 
.80356 Wincheatcc bushel. 

.62888 " hciipod ' 

.04285 " ■ 1.1 even ' 

.779 linporiiil " ' 

EvaaptE. — Roquirod the oapiicity la Winchester bushels oF a 
)-ectangalar bin, wliuao interior length is 12 feet, breadth feet, and 
depth 5 feet. 

I2X X JX ■f!035 = 280.26bli3hels. Am. . 

E.\.iurLE Required the capacity in Winchester nine gallons of 

a. cylindrical can, whose interior diameter is 18 inches, and depth 3 
feet. 

18 X 18 X 3CX 5.875 -i- 1723 = 30.00 gallons. Ans. 
, Or, 1.5 X 1.5 X 3 X 5.875 = 39.06 galloea. Ans. 

Or, 18 X 18 X 36 X -0034 = 39.06 gallons. Ans. 

EtAMPLE. — How many Winohostor bushela in 39.60 wine gij- 

39.60 X .10742 = 4.26 bushels. A-is. 
ExAMTLB. — How many wine gallons in 4.26 Winchester bushels ? 

4.2C X 0.3002 = 39.60 gallons. Ana. 

Ekaufle, — How many wine gallons will a cistern in the form of 

a Trustum of a cone hold, having the interior diameter of one of its 

ends 6 feet, and that at the other 8 feet, and its perpendicular depth 

y feetl 

8 — 6 = 2, and 2= -^3= 1.333 = J square ofdif. of diameters, and 

X 8 4- 1.333 = 49.333 X X 5.8751 = 2608.55 gals. Am. 

Or, X 8 + 8^ + 02 = 148 X I X 5.8751 = 2008.55 gals. An^. 

Or, (8^ — &■< ) -^ {8 — 6) = 148 X f X 5.8731 = 26(18.55 giUs. A m 

Or,0G— 72 = SIand(2-12-i-3) =102, and 

96 X 72 + 192 = 7104 X!OH X 0034 = 2608.55 giils. A>-s. 
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ExAMiT.E. — Wli;tt is tlio oii)iiu;itj in Winiilicster buahels of a cis- 
tern wliosG nirin is pviBinoiJ, tlio dimenBioiiB (interior) of one end 
l)oing'8 hy (i fuet, of tho otlior 4 hj 3 foot, nnd its jiorpondicular 
depth 12 luL't ! 
S X C = 48 = iiroii of Olio end, and 4 X ^ = 12 = arou, of tlio other 

ond ; tlien — 
48 X l2=V'"t5 = -i + '13-|-12 = 84X'3^-X-S035C=270bu9li- 

vh. Alts. 
Ur, (8 + 4) -f- 2 = (;, and (0-1-3) -1-2 = 4.5 = mean seotionsil aroiis 
of itixiu, and 

X 4'5 X * = '1 'ii^t of inoim perimeter, then 
8 X0-V--1X3+GX 4-5 X 4 = 108 X-'^X ■811356 = 2701)118. .4;..*. 

Ex.iiii'LE, — What must bo tlie depth of a rectangular bin whoso 

longthiB I2feet, and bruadthO feet, to hold 289.2GbUBhcl3! 

289.20 -^ (I2X OX .80350) = 5feet. Am. 

Kx.Min.s, — A cjlindrioal oan, wlioso depth ia to bo 30 inebes, ia 

roquirod to bo made that will hold 40 gallons ; what must be the 

iJiainotor of the can ! 

40 -^ (3 X 5.8751) = V2.27 = 1.500 fuot, Atis. 

Or, 40 -r (30 X -0034) = V320.S = 18.07 inches. Ans. 

Example. — A cylindrical can, whoso interior diameter is to be 18 

inohes, is required that will hotd 40 gallons ; what must be the 

interior depth of tho can 1 

40 -4- (18= X .0034) = 3G.3I inches. Arts. 

Or, 40 -i- (1.5^ X 5.8751) = 3.020 feet. Ans. 

ExAMi'i.B. — ■ A cistern is to bo built in the form of a frustum of a 

cone, that will hold 1800 gallons, and the_diajueter of one of its 

ends is to be 5 feet, and that of tho otiior 7i feet ; what must bo tho 

7.5 — 5 =» 2,5, and 2.5^ -^ 3 = 2.0833 = i aqatae of diffbroneo of 
diameter, and 

180*0 -^ (7.5 X 5+2.0833) X 5-8751 = 7.74 feet. Ans. 
/7.5X 5 + 7.5^ + 5^ \ 

Or, 1800 -i-i^ 3 X 5.8751 j= 7.74 feet. A>i--<. 

ExANPLB. — The form, capacity, depth, and diameter of one unii 
being determined on, and being as above, what must be tho diameter 
if the other end ? 

— T- — 5^;- = !/, c being the sulidil.y in cylindrical measuiuim^i^t, h 
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the iluptb, d tiio diiiQiulut ui' tbo given end m Iiiiao, and y a r|\uuil.itj 
the squiiro root of which ia Uic autu of Iho required hiaa and half thu 
given busc ; then 

1800 4- 5.8751 = 30C.378 = suliditj ui ejlinilrioiil foot, and 

300.378 -^ ^^^ = 118.75 — (S^ ^ ^ ) = ^100 = 10 — ^ =7.5 
foct. Ans. 

iCxAMi'i.ii. — A measure is to bo built in tlie furm of a friiBtum of n 
ooiie. Chat will hold csactly 1 wine gallon, and the diiimokir of 
iiiic of itfi cnda is to bo 4 inches, and that of the othcsi' C tnulicB ; 
what must bo \t» depth 1 

1 ^ (0 X 4 + 11) X .00.34 = ll.Gl inches. Ans. 
231 6 X 4 + 0^ + 4= 
Oi', '^k\± -r- 3 =^ 11.01 inches., Ans. 

JD.iAui'i.E, — A measure in the form of a frustum of u cone holds 1 
wino gallon ; tbo diameter of ono of its ends is inches, und its 
depth is 11.01 inohea ; what is the diameter of the Other end! 



CASK GAUaiNO. 

Cask-oaugikq, in a general sense, is a practical art, ralhei- 
than a sciontjlic achicvcmont or problem, and makes no pri>Censions 
to strict accuracy with r^anJ to the conclusions arrived at. The 
aim ia, bj nieans of a few satJafaetoiT measurements taken of tho 
outside, and an estimate of the probable mean thickness of the ma- 
terial of which the cask ia composed (of which there must always 
remEun some doubt), or by means of a few measurements taken of 
the inside, to determine, 1st, the capacity of the cask, and, 2d, the 
uUi^e, or capacity of the occupied or unoccupied space in a cask 
but partly fulh And tho Kule (Uulb 6, page 60J, which re- 
duces tlie supposed cask, or cask of supposed curvature, tn a cylin- 
der, is as practically^ correct for the capacity of ordinary casks, as 
any rule, or set of rales, that can be offered for general purposes. 

Casks have no fixed form of tlieir own, to which they severally 
and colloetively coiTCspond, nor are they in any considerable degree 
in conformity with any regular geometrical figure. 

Some caslts — a few — those uaving their staves much curved 
throughout their entire length, are nearest in keeping with (he 
middle Jhtstwm of a splieroid; others, slightly less curved' than 
tlio preceding, correspond in a considerable degree lo tho middle 
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04 GAOGING. 

j'rustum of a jiarabaUt syhu/k; others, aguin — tlioso liaviiig very 
little lon"itaiiimtl curvatura of stavo to their semi-length a — are 
nearly in keeping with tlioc7'<'///r«jiuniso/'a jiaraMvid; andotfiGrK 
— a very few — those whose stiiTCS are straight from the bun^diftiii- 
vtcr to the heads, or equal tu t'lab forio, tire in accordance with the 
crjual/ruslums of a cone. 

The gauging- rod, whiuh is intended to be correct Toi' casks of tli« 
itioat oommoE fonn, gives for all casks, aa may be soon in oiie ol' flic 
following EjtiHPi.Es, a solidity slightly greater (about 2i per ccni.) 
than would bo otitaiiiod by supposing the cask in conformity willi 
tlie third figure nliore alluded to. 

The KuLB for finding the contents of a cask, by four dimensions, 
hereafter to be given, is intended aa a general Kulc for all casks, 
and, when the diauickc midway between the bung and head can be 
accurately osccrtained, wi_U lead to avory close approach to the 

From the length of a caski taken from outside to outside of the 
heads, with callipers, it is nsual to deduct from 1 to 2 inches, to coi'- 
roBpond with the thickness of the heads, according to the size of the 
cask, and the remainder is taken as the length of the interior. 

To the diameter of each head, taken cittcmaHy, from J inch to 
/u inch shoold be added for eommon-sizod barrels, -^ inch for 40 gal- 
lon casks, and from j inch to -fa inch for larger casks, to con'esponO 
with the interior diameters of the heads. 

If the staves are of uniform thickness, any sectional diameter of a 



tlie stave from the quotient. 

For obtaining the diagonal of a cask by mathematical process,— 
the interior length, &o. &o. — see Jfu&s, below. 

In the following formnlaa D denotes the bung diiimotcr, d the 
liead diameter, and I the length of the cask. 

Tlie solidity of any cask is equal to its length multiplied by the 
square of its mean diameter multiplied by "854. 

To calcalale tlie contents of a cask from four dimensions. 

HuLE. — To the square of the bung diameter add the square of 
the head diameter, and the square of double the diameter midway 
between the buns and head, and multiply the aum by g the length 
of the cask, for its cyJindnail contents ; the product multiplied by 
.0034 espresses tlio contents in wine gallons. 
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K' many gnilona" capacity 

20^_(_282-i-25.(iX'/ = 3805.44X*^X -0034 = 80.20 giUa, Ani. 
(D'-\-<P ■^-2in)X 6 ; X -7854 = cubic contcntn, 

■ ' ^^^ = sqiuire (^rmciin ahimctcr. 

By Rule C, p. OS, tliis cask will hold — 
28— 20=8 X .05 = 5.2 + 20=.25,2X25.2X40x .00:54 = si; ::(; 
gallons. 

When the cask is in the form of tlie nuddk fnisium of a :i,ihnv>,l 

|D*-j-lrf-= sqaare of mean diiuneter. 
And a caak of this fonii, h.lvinj; the ganin head dianictei', 1>iiii<; 
diameter, and length as the proeeding, will hold — 

-.il... ^'+ . ^''^ X 40 X .0034 = 80.210 gallons. 

When Ike cask is in llu: form of tlie middle frustum of a jmrnbi'lk 
spindle. 



%l>' -\- i d'' -^ fs (T)-^ ^Y ^ square of moan diameter. 

And n. cask of this form, haTin^ the aamo head diameter, hung 

diameter, and length na the preceding, will hold — 

r.22i -f 131!}= G50 — 8.533 = 047 .'407 X 40 X -0034 = 88.05.5 fftl.s. 

When the cnsk is in llieforni of lin" ciwal frustums of a jiarahohiid. 

^W-\-}id-^Bfiuma of mean diameter. 
And a cask of this ibrni, having the same head diamett-r, Imn^ 
diameter, and length as the preceding, will hold — 
28^+20^ 
— Y — X 4.0 X -0034 = 80.51 gallons, 

W7i«n llie cask is in tlieform of the equal fruslums nf n nme. 
iSD' + i'^^ — ^(D,/-d)'= square of moan diamcti;r. 
Or,iI>^+!'^4-iD(i= " " " 
Or,DX<'-j-KI>-/-'')'= " " " 
And a cask of this form, having the same head diamctir, Inm^ 
diameter, and leng:th as the pi-eeeding, will hold — 

2H X 211 +'211 X40X-0034 = 70.00 g.ils 
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To Jind the cofitenls of a cask the same as would he gkvn by the 

gauging rod. 

Tho gauging rod is constructed upon tho principle that tlio cube 

of the diagonal of a, aaek, in inches, multifiHcd by sf n^nu! equals tlio 

contents otthe cusk, in Imperiul gallons. 

The contents in wine gallons of either of the a fore men tinned 
casks, therefore, hj the gauging rod, would be — 
3L2il-^ X .0027 = 82J gals. 
The decimal coefficient to take the place of .0(127, fur finding tli<) 
contents of a cask in the form of the laiddle frustum of a splien>iil 
^ .U02026 ; and for finding the contents of a cask in the furin of the 
ei^ual frustums of a couo =3 .003593. And between these e^ttrcim^N 
lies the decimal for other casks, or casks of intervening figures. 

To fiad Ike diagonal of a cask, when llie interior is inaccessible. 

Rule. — From the bung diameter subtract half the diffisrencc of 

the bung and head diameters, and to (he square of the remnindor 

add the square of half the length of the cash, and the square root 

of the sum will be the diagonaf. 

Example. — What is the dii^nal of a cnsk whose bung diameter 
is 28 inches, head diameter 20 inches, and length 40 inches 1 
2a-20 = 8-4-2 = 4,and28 — 4 = 24, then 
^(242-1- 20') =■ 31.241 inches. Ans. 

To Jind l/ie length of a cask, the head diameter, Ivng diamrlcr and 
diagonal being given. 

( ■5:f2\ 

Vt diagonal^ — D ^ — 1 := 4 /. 

And tlie interior length of a cask, whose interior head diameter, 

bung diameter and diagonal, are as tho preceding, will ho 

V(31.24F — 24') =20X 2 = 40 inches. 

To find the solidity of a sphere. 

D'X §TIX .7854= oiibio contents, D being the diameter. 

To find the solidity of a spherical fmsltan. 

U*' + — 2 — ■ )X''X. 7854 = ciil>icof>ntonts,/) and rfbeing the 
liases, and h the height. 



Hosted by Google 



ULLAGE. 

"the ullage or tnonlnge of a cask is the quantity tlio casli LiL-ks of 
being full. 

7'ri Jind the uBnge of a slantHag cask, ioActi llie cask h lialjfuti or more. 

Rule. — To the sniiiiro of the head diiimetcr, iidd the square of 
the diameter at tlic Biirfaca of tho liquor, and the square of twice 
the diameter midway between the surface of the liquor and the upper 
head, and divide the sum byO; the quotient, multiplied b^ the 
distance from the Burfiuie of tne Uquor to the upper head, multiplicfl 
by .0034, will give tlio ulliige in wino gallons. 

Ex.iMPLK. — The diameters are as follows — at the upper head, 20 
inches; at the surface of the liquor, 22 inches; andat apoiutmidwa^ 
iietweon these, 2X1 inches ; and the distance from the upper head 
to the surface of the liquor ia 5 inches ; required the ullage. 



WliKii llie cask is standing, and kss than half full, lo find tlie ullage. 
Role, — Make use of the bung diameter in place of the bead 
diameter, and proceed in all respects as directed in the last Rale, 
and add the quanKty found to half tho capacity of the oa«k ; the 
BUTD will be the ullage. 

ExAMrT.B. — The bung diameter is 28 inches ; tlic diameter at the 
surtaco of the liquor, below the hung, is 20 inches; tho diameh^r 
midway between tho biing and the surface of the liquor is 27.^ 
inches ; and the distanoo Irum the surfaeo of the liquor t« the bung 
(liamotor is 5 iuclies ; required the quantity the cask lacks of being 
Iialf full ; and also the ulli^ of the cask, ita oapaeity being HC,2l' 
gidlons. 

(2S2 4- 20^ 4- 27r3"><T) 4- = 740.2 X 5 X -0034 = 12.58 g;il- 

lons less than £ full. Aiis. 
And, 86.20 -^ 2 = 43.13 + 12.58 = 55.73 gallons ullage. A»s. 

Wlienthecasiis upon ils lAlge, and half full or morc,lo find Ihe ullage. 
Rule. f Divide the distance from tlio bung to tho sur^ioe of tlic 
liquqr — (the height of the empty <iognient) — by tho whole hung 
diameter, and take the quotient as tho height of the segment of a 
circle whose diameter ia 1, and find the area of tFio segment; mul- 
tiply the ai'ca by the capacity of the cask, in grillons, and that 
product by 1.25 ; the last product will bo the iilhige, in galhiiis, as 
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NoTP. — The oiiin of the B^iiioi:it of a iHrcJo = 

(i'hM J nre + i oli'd i arc + ch'd «g.) X bclght scg. X ^*. very mijiriy. 

rnrfiMf — *eig«< = cmine ; tadioa' — eoslae^ =sine'i VfsmA X 2 =:e4'J o/scg. 
sine'' + Sci^Af s«^.' = cA'd i are^ sad V(e*'rf J "< 5?) = c4V 1 are. 

ExAirpi.s. — Tho hung diameter ia 28 inchcB, the height of tlie 
empty Begmciit 5.C inches, and tho capacity of the cask 8G.2G giil- 
kms ; r«tuirod tlio ullage of the caak, in gallons, 

5.0 4- 2S = .2 = height of aeg. , diameter as 1 . 

1 -1- 2 = .5 = radius. 

.5^ ^ .3^ = .10 = sine', or square of half tho base of tlic aGgracnl 
V-IO = -4 X 2 = .8 = chord of segment, or liaae of acgmont. 
.4- -|- .2' =s .2 = square of chord of half tho arc. 
V-2 = .4472 =a chord of half the are, then — 
.4472 -r 3 =- .1491, and .14'J1 + .4472 + .-8 X -2 X fo = -1117, 
area of aegmont, and 
■ .1117 X 86.23 X 1-25 = 12 gallons. Aits. 
Wlien iIk task is upon its bilge, and less llwn hnlf full, to find the 

Rui.^. — Divide tho depth of the liquor bv the hung diameter, and 
pr<)ceed in all respcctB aa directed in tho Wt Rule ; then subtract 
the quantity found from the wipacity of the eiisk, aud the diflercnee 
will l>e the ullage iif tho cask. 

To find the qitanlity of li'iuor in a cask by its weiff/il. 

ExAurLE The weight of a casli of proof spiiits is 300 lbs., and, 

the weight of the empty cask ((ore) is 32 lbs. How many gallons 
are there of the liquor 1 

300 — 32 = 203 -i- 7.732 = 34? gallons. Ans. 

CjiSlomari/ Rule by Freighting Merchants, for finding the culiic mnax- 

wement of casks, 

Bung diametiir' X i lengtli of cask = cubic inoasiiroiiiont. 
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GOVEliNMEST MEASDREMGNT.* 



Ill :l douhlo-Jeckod vossul, the Icn|ith ia rockonod from the fore 
piirt III' tho mtiin atom ti) tho after side of tho stcmpoat nbuve the 
ujipci' deck ; tho broiidth is bik&n at the bmndeat part above the 
iiiiiin waJea, and half this ))reiidth is talJen for the deptli. 

In a single-decked vessel the lengtli and breadth ore taken aa he 
a diiubte-decked vessel, and tho distance bel;weeD tho ceiling of the 
Imld and tho under side of tlie deck plunk is taken as tho depth, 

ExAMPiiE. — Tho length of a donble-deoked vessel ia 2C0 foot, and 
tbo hi'cadth is CO feet; required the tonnage. 
2(10 — -«J/-S- = 224X00 X*/ = 40320l)-r- 95 = 4244.2 tons. Ans. 

E.YAjfiT.E. — The length of n. singlo-decked vessel is 180 feet, the 
bi-cudth 34 feet, and depth 1^ feet ; required tlic tonnage. 

ISO — f of 34 = 159.G X 34 X 18 -:- 95 = 1028.10 tons. An^. 
CAUPENTBll'S MEASUREMBKT. 

l'\)r a double-decked — 
iCT gth of keel X bread t h iiinln beam X i l>readth 

i^<iT ii singlo-decked — 
lenijth "f l(oel X breadth main tioam X depth of hold 



• Vlic HCt at lilies 1uK»lIzcil-by Uio Congress oflSoj for .i9iicrt;iinliig llic iionil- 
hal or (lovummort lonunee of irestiela am not inecrltd in this work, pnrtly be- 
uufluof thclrgrcitluistDs In dotal], nndlhomuKIplldty of the mcohunlaiii nd- 
mc!!uiutemi-ata raqulnic[, Bml parll; bocanBa they can be at a*c lu but n tew 
Uiillvlduulsj and to those tliey nro funiiBhcd by the Govcmmcot. 
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7ft CONDDfrS OR nVES. 

OP CONDUITS OR PIPES. 

Pressure of Walcr in V^lkat Pipes, •^e, 

h ^: height of oolomn in inches ; o = eironinforeneo of oolumn in inohosi 

( = thioknoas of pipo in inches equal in strength to lateral pressure at bnse 

strength in pounds per inch area of tranavorso sccliun of the nialeriiil of 
ivhich the pips is eouiposcd — tasle, p. 74. 

hos! area of interior of pipe in inches ; Abi = pressure in pounJa per 
Hi|iiiLro inch at the base of the oolumn, or miLximnm latornl pressure in 
[ii>iinda per sqniire ineh on the pipe tending to burst it ; how ^ insxiinuni 
lateral pressure in pounds on tlio pipe, tending to burst it at the bott<mi ; 
and Aew -~- S :^ mean lateral pressure in pounds on the pipe, or pressure 
in pounds on the pipe tending t» burst It at half the hcigiiCuf the oolumn. 
hov,-i-G = t; how-i-t=C; Cl -i- ov> = h; Ct -i- hK = o. 

NoTB. — Tlie teOulile enhealnn ef » mUoriul la nnt oliove 1 tu nitiniats tarce, an given 
. in Llia T<iU« ef CiiJHnve Piircea. Br eiperlmanl. It hsa hern liiuiul llial a ciuL Imii iitjv 
15 liichea In illainsier ^lul f of an Inch Ibieic, will Buppnn n head uT wHlsr oTeOO ffiai^ifl 

l^leMi 12U0U11K persilrace iDDh for ewt Iron, ISOUfiiroiili, fCOIiir lend, am ceinileil 
«ife enLiniMta. The uillimla cohesliin nf an idioy, cnmposcd of IhhI S fans and liiin I 
pun, ieSUUO pounds per square ineli. 

Concerning the Disdiarge of Pipes, ^c. 

Small pipes, whetlier vertical, liocizonlal, or inclined, under cqunl 
henils, ilischarge proportionally loss waler than large ones, lliai 
fiirm uf pipe, tlieicfore, which presents the least perimeter to iis ai^, 
(itiicr tIjingB being eqnal, will give llie greatest tlischargo. A round 
pipe, consequently, will discharge more wafer in a given lime than a 
pipe of any other form, of equal area. 

i'lie greater the length of a pljie disclinrging vertically, tlie greaier 
ihe disctiarge. Because the friction of llie particles against lis sld^s, 
and consequent retardation, ia more ihan overcome hy llie gravity oC 
Ihe duid. 

'I'iio greater tlie Icng^lli of a pipe discharging horizontally, the less 
p«iiMirtio[ially will be the discharge. Tlie proportion comiKired with 
a loss length is in the inverse ratio of the square root of llie two 
leiigtha, neatly. 

Other things beiug equal, rectilinear pipes give a K'^ste'' discliar^ 
than curvilineai, and curvilinear greater than angular. Tiie head, 
Ihe diameters and the lengths heirig the same, the lime occupied in 
|i!issinff an equal quantity of water through a straight pipe is 1); 
ihmu^ one curved to a semicircle 10, and through one having niic 
right angle, otherwise straight, 11, All inlcridr incipialities, ami 
roughness should be avoided. 

it has been ascertained ihat a velocity of fiO linn a miniiic (1 liuii 
a second) Ihroiigh a borixoiital pipe, 4 inches in iti^nnclcr and IIK> fi'f.'i 
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c(B)T>nfrs OK PIPES. 71 

in length, is pnxluced by a liend 2j inches, onlj f of an inch aboTe 
the upper aurriiee of tho orifice ; and that, to maintain an eqnnl 
velocity through a pipe Bimilariy wtuated, of equal length, having a 
diameter of J inch ouly, a head of 1-^ feet is required. To increase 
tlie velocity through the last mentiojied pipe to 2 feet a second, 
requires a head 4 j-^ feet ; to 3 feet, a head of 10^ ; to 4 feet, a 
liead of n{^, &c. 

From the foregving, the following, it is 1)eiieved, reliahle rules, are 
deduced. 



KuLK. — Multiply the head, in feet, by 3S00, and divide ihe proiliiri 
Ijy the length of the pipe, in feet, multiplied by 13.0, divided hy the 
interior d.iaineier of the pipe in incites; the square rontoftlie quotient 
will be the velocity in feel per second. 

ExAMPLB."The head is G feet, the length of the pipe 1340 feel, 
and its diaraeler 5 inches ; required the velocity of the watpr p-issiiij; 
thriHigb it. 

3500 X 'i ^ 15000 -^ ( J-ai.ft^_i_.t4) = ^4 .03 — ^ 3 fefl pci 
second. Ans. 

To find ihc head neccssan/ to produce a regwred velocily llirough a pipe 
of gieen length and diameter. 

Rule. — Multiply the square of the reqaired velocity, in feel, per 
second, by the length of ilie pijie innltipHeil by Ihe quotient obtniniid 
by dividing 13,9 by the diameter of the pipe in inches, and divide the 
product thus obtained hy 3500 ; llie quotient will be (he head in feci. 

E-tAMPLE:, — The lengtli of a pipe lying horizontal and straight is 
1340 feet, and its diameter is S inches ; what head is necessary to 
raiise the water to flow through it at the rate of Q feet a second 1 
2" X 1340 X H'^ -i- 2S00 =0 feel. Ans. 



Rule. — Multiply the velocity in feet per second hy the are: 
diseliarging orifice, in feel, and the product is the quantity ii 
feel discharged per Becoiid. 

!■:.■(* KPLR. 

the pi|>e 5 

s™.udoflime? 

5 -1- l-i = .4100, and .4100' X -'854 X 2 => .973 cubic f.K) 
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72 UIscEllANEods piioBi-EMs. 

MISCELLANEOUS PROBLEMS. 
To Jiivl the specific granily of a body heavier than walcr. 
Rule. — Wisigli tlie body in waier and out of water, and divide llie 
wuiglit OHi nf water by llie diflereiicc of tlie Iwo weiglils. 

ExAnirLE. — A piece of metal weighs 10 lbs. in altnos|)here, and 
Ijiil HI in water; required its specific gravity. 

10 — 8,25 = 1.75, ajid 10 -~ 1.75 = 5.714. Ans. 
To find tlie sparific graeili/ of a loJy liglUcr than walcr. 
ItijLE. — Weigh the body in air; then connect it wiili a niecu of 
ineUil whose weight, both in anil out uf water, is,kn<>wn, and of sul- 
ficiont weight that the two will sink in water ; and find their combiiiei! 
weight in water; then divide the weight of tiie body in air by the 
weight of the two substances in air, less the sum of the difference uf 
the height of the metal in air and water and tiic combined weight of 
the«two substances in water, and the <iucitient will he ilia specitie 
gravity sought. 

Ekamflc' — The combined weight, in water, of a piece of wi«)d, 
and jiiece of metal, is 4 lbs. ; the wood weighs in atmosjihere- 10 Ills. ; 
and llie metal in atmosphere. 13, and inwsierll lbs.; requireil ihe 
s|Hjcific gravity of the wood. 

10 -^ { 10 4- 12 — 13 J>ll + 4) =^ .58?. Ans. 

To find Ihe specific gravity of a fluid. 

RuLK. — Multiply (lie known specific gravity of a body hy the dif- 

fcreJiee of its weight in and out of the fluid, and. divide the product hy 

j'ls weight out of llie fluid ; the quotient will lie the specific gravity of 

<he fluid in which the body is weighed. 

ExAMPLK. — The specific gravity of a brass liall is 8.fl ; its weiglii 
in atmosphere is 8 oz., and in a certain fluid 7^ m. ; required the 
specific gravity of the fluid. 

B — 7.35 = .75, and 8.0 X -M = 0.45, and G.45 -i- B = .800. Ans. 
To find the proportion of one to tlie other of two simples fornung a 

compound, or lite extent to vjidch a metal is ddnisat, (Ihe iiKlal mid Ihe. 

alloy used being knoiim.) 

Tlio Rule slriclly bears upon that of Alligation Allcmatp., ubicli 

ExAHPLR. — The specific gravity of gold is 19.358, ami that of 
cojiper, 8.798 ; an article composed of the two metala, has a spceifKi 
gravity of 18 ; in what proportion are the metals mixed ? 
I8V-19.S58X 8.788=11.055 
18^ 8,788 X 13-3.^>8 = 177,4, then 
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NlSCELLAMEOtrS PfiOELEMS. 7ft 

ir055~-|- 177 .T : 11.055 :: 18™ 1.05G copper, J^^^^ 
11.055+ 177:4 ; 177.4 : : 18 =1 16.944 golJ. S 
Or, 13 — 1.050 = 10.911 gold. Copper to gold as 1 to 10.01 -|- 

To JiiiJ (he lifting pouier of a balbon. 

Rule. — Multiply ths eapacily of Ihe balloon, in feel, by lliu iljf- 
fereiicQ of weight between a cubic foot of atmosphere and a cubic liHit 
of the gas used to iullale the balloon, and the product is tlie weiylii 
llie balioon will raise. 

EXAMPLE. — A balloon, whose diametei is 31 feet, is inflated ivitli 
liydrogeti ; what weight will it raise ! 

Specific gravity of air is 1, weight of a cubic foot 537.04 grains ; 
Bpeeific gravity of hyilrogen is .0683, 

537.04 X -008!) = 30.31 grains = weight of 1 cubic foot of hydrogen. 
537.04 — 3G.3I =4i».73gr3. = dif. of weight of air and hydrogen . 
34' X -5230 =1 7238.S1 = capacity in cubic feet of balloon. 
Then, 7238.34 X 400.73 = 3553031 gts. = 3>^^ = 507 [-V lbs. 

To find the diameter of a balloon that shall be equal to the raising 0/ 
given leeight. 
The weight to be raised is 507^ lbs. 



To find the thickness if a concave or kollov) jnetalSc ball or ghbe, that shall 
have a giBen huoyancij in a given liquid. 
KxAMPLE. — A concave globe is to be made of brass, specific grav- 
ity 8.0, and its diameter is to be 13 inches ; what mnst be its thick- 
ness that il may sink ex.actly to its centre in pure water! 

Wei ght of a cubic inch of w ater .03G169 lb.; of the brass .3112 lb. 
Then, & X -5236 X .036169 4- 3 = 10.3G35 cubic inches of water 
tn be displaced, 

10.3035 4- .3 113 ^ 53.5787 cubic inches of metal in the ball. 

tS* X 3.1416 = 452.39 square inches of sarfece of the ball. 

And, 69.5787 -J- 453.39 = .1163 + = J inch thick, full. Ans. 

Tj cut a square sheet of copper, tin, etc., so as Co form a vessel nf l/ie 

greatest cubical capadty ihe sheet admits of. 

BuLE. — From each comet of the sheet, at right angles to the side, 

1 ut J part of the length of the side, and turn up the aides till the 
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Qniiparaliii: Ctihcsiue Force of Metals, Woods, and other su/islaiiccs, 
Wrouifht Iron (medium quality) being the unit of Co * ' 

the cohesivefarce of which is 60000 lbs. per inclt. t 



Wrought iron, . 




1 


00 


AsL, white, . 

" red, 
Beech, . 




KiipiMit, cast, . 




M 








.76 


Birch, . 




Gold, cast, 




.34 


Box, 




" wire, 




.51 


Cedar, . 




Ir.iii, east, (average) 




.38 


Chesmnl, Mvcet, 




Uad, " 




.015 


CypreBS, . 




" milleJ, . 




.055 


Elm, . , 




PlaUnum, wire, 






Locust, . 




Silver, cast, . 




.66 


Mahogany, beat, 
Maple, . 




Sleel, soft, 




sioo 


Oak, Anier., white, 




" flne. 




3.25 


Pine, pitch, . 




Tin, cast block, 




.083 


Sycamore, . 




Zinc, " 




.043 


Walnut, . 




" Blieet, . 




.37 


Willow, , 




ISraaa, cast, 
Gun metal. 






75 
50 


Ivory, 
Whalebone, , 




Gold 5, copper 1, 






83 


Marble, . 




Silvers, " I, 






80 


Glass, plate, . 




ISrick, . 






05 


Hemp fibres, glueil, 




Slate, 






20 







1.53 



The sirenglh of white oak to cast iron, is as 3 to 3. 
The stiffness o( " " " " is as 1 to 13. 

To determine the vxighl, or force, in pounds, necessary to tear asun- 
der a bar, rod, or piece of any of the above named substances, of any 
gioen Iransverie arta : 

Rule. — Multiply the comparative cohesive force of the substance, 
as given in the table, by llie cohesive force per square inch, area of 
cross section (60000 lbs.) of wrought Iron, which gives the cohesive 
fiirco of 1 square inch area of cross section of the Enbslanee whose 
power is sought to be ascertained, and the product of 1 square incli 
thus found, multiplied by area of cross section, in inches, of the rod, 
piece, or bar itself, gives the cohesive force thereof. 



Alloys haoing a tenacity greater than the sum of their cc 
Swedish copper (i pis., Malacca tin 1; tenacity per sq. inch, 64000 llw 
GhJii copper ft pla., Malacca tin 1; " " " GOOOO " 

l.ipiiii copper 5 pts., Banca tin I ; " " " 57001) " 

Aiii.'l«sea cupper 6 pts., Cornish tin 1 ; " " " IH'Oo " 
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LINEAR DILATION OF SOLIDS HY HEAT. ( 

Comnioii block-tin 4 |ils,,]i;riil l,ziii<; 1 ; liiiiatiiy |M!r sq. in., 13000 Iti 
Malacia tin4iHs.,re)>iilu8ofaiitimoHy 1; " " " 13000" 

ltloc;)i-t]n3p(s.,leadliJ;iH; " " " lOOOO " 

Hlocli-tin 8 ptB., anc I part ; " " " lOSOO " 

Ziiic 1 pari, !e^ 1 pari; " " " 4500 " 

Alloys liaBtng a density greater t/ian llie mean of i 
Gold with anlanony, bismuih, cobalt, /in, or zirtc. 
SiLVKR with antimony, bismuth, lead, tin, or zinc. 
CiippER with iismulh, palladium, tin, or zirw, 
[,K\D with antimony. 
Platinum with tnolybdinian. 
Palladium with Insmulh. 

Alloys having a density less than the mean of their consiUue. 
Gold with copper, iron, iridium, lead, nickel, or silver. 
Silver with copp^ or cdbeUt. 
InoN with antimony, bismuth, or lead. 
Tln with antimony, lead, or palladium. 
Nickel with anenic. 
Zinc with antimony. 

HKl.ATIVE I'OWEll OF DlfFEltKNT METALS TO CONUIICT 
TBICITV, 

(the mass of each being equal.) 
Ciippur, . , . . lOOOfPlalinum, 
Gold, .... OSOllron, .... 
Silver, .... 736 Tin, .... 
Zinc, .... 285 Lead, .... 



LINEAR DILATION OF SOLIDS BY HEAT. 
kh a bar healed to 312° has greater than vilmn al the tern- 
peralure of 32°. 



. .0018671 


Iron, wrought, , 


.0012575 


. .0017674 


Lead, : . 


.0028508 


. .0004998 


Marble, . 


.0011016 


. .0008545 


Platiiiuwi, . 


.0000342 


. .0014880 




.0020305 


. .0007894 Steel, 


.0011 898 


. .0011111 


Zinc, 


.0030420 



.._. . ..Jilationnfaoxparlitulaianiclo.di.ubleiUlirasirrlila 
lilailon in wimat. iriiils tl. Tii fiiul llie dongallon In lineKr trichea pc'i 
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EFl-ECTS OF 1 



niELTTNG rolNT OF MliTAI.S AND OTUEli BODIES, 
iinie, palladium, platinum, porcelain, rkodivm, silex, nwy bo mellei] 
by means of strong lenses, or by the hydro-oxygen blowpipe. Co- 
balt, manganese, plaster of Paris, pottery, iron, nickel, &e., at from 
2300° to 3250'= Falirenheit; others as follows : — 



Copper, 

GlHSi - 



flint, 



. 1173 



Gold, 

Lead, . , . . uia 

Mercury, .... — 39 

Cast iron iborouglily melts nt 

Greatest heat of a smith's forge, (i 

Welding beat of iron, 

Iron red hot in twiliglit, 

I*ad 1, lin 1, bismuth 4,mells at 

r>ead 3, tin 3, bismuth 5, ■' " 



UELATIVE POWER OF DIFFERENT BODIES TO KAI 



Water, . 


. 100 


Lead, bright, . 


Copper, . . 


12 


Mercury, 


Glass, . 


90 


Paper, while, . 


Ice, 


85 


Silver, . . 


India ink. 




Tin, blackened. 


Iron, polislicd. 
Lampblack, 


'. 15 


" clean. 


. 100 




NOTE.-Tlie|.o™sri> 


f a bffllj to rq/lecl heal is inverao to lis pnwct u 




BOILING POINT OF LTQUIDS. 






Add, nitric. 


253° ,Oils, essential, avj!. 


" sulphuric, 


600° 




Alcohol, anhyd., 


. 163.5') 


" linseed. 


" 30 per ce 


nl., . 1740 


Phosphorus, 


Eiher, sulph.. 


97= 


Sulphur, . 


Mercury, 


658° 


Water, 
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Ether, . . . 

Mercury, 
Milk, . 
Oil 



fennel, 



T OF LIQUIDS. 
Oil, linseed, avg.. 
Proof spirits, 
Spirits turpentine. 
Vinegar, 
WaKir, 
Wine, slrons, 
|{a[>eacej Oil, 



ri'ANSlON OF FUTJDS BY BEING liKATKD FROM 32" TO Zi%-', 
Atmospheric air, j^^^ per each ilegree, = .375 

Gases, all kinds, -^^j^ " " " 

Mercury, exposed, OlS 

Muriatic acid, (sp. gr. 1.137,) . . -OtiO 

Nitric acid, (sp. gr, 1.40,) 110 

Sulphuric acid, (sp. gr. 1.85,) OfiO 

" ether, — to its boiling point, . . .070 

Alcohol, (90 Iter cent.,) " " . , .110 

Oils, filed, 080 

" turpentine, 070 

Water, 0^0 

KKI.ATIVE POWER OF SUBSTANCES Ttt 



C.ld, 
Silver, 
Clipper, 



I Zinc, 
I Tin, 
! Lead, , 
Porcelain, 
1 Fire hrick, 
ills pnmir in nuit 



METALS IN ORDER OF DUCTILITY AND MALLEABILITY. 



Buctilily, 
I, Platinum. 
S. Gold, 

3. Silver. 

S, Copper. 

R. Zinc. 

7. Tin. 

8. J^aJ. 



1. Gold. 

3. Silver. 

3. Copper. 

A. Tin. 
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NUTKITIVE AKD AI^OIlOLfC PROPERTIES OF BODIES. 



LBntils, .... 94 Oals, .... 7-1 

Peas, .... 93 Meals, av^ 35 

Reans, .... 93 Poiawes, .... 25 

Corn, (maize,) . . . 89 Beets, .... 14 

Wheat 85 Carrots 10 

Barley, .... 83 Cabbage, .... 7 

Rice, . , . . 88| Greens, .... ti 

R-ye 79 Turnips, while, . . i 

^lecijic gravity, and quantity per cent., by vohane, of Absolyle Alcohol 
amtmned, necessary to constitute the following named unadulterated 
articles. 

A.I)soJule Alcohol, {anhydrous,) . . . .7i 

Alcohol, highest by distillation, ... .B: 

" commercial siandaril, . . . .8335 

Proof Spirits, — standard, ... ,9 

QiumiHy per cent., by vohirne, {general average) of Ahsalute Ahohol 
contained in different pi/re or unadulterated Ligvors, Wines, d[c. 



ISrandy, . 
<iin, Holland, . 
Whiskey, Scotch, 

Cider, whole, 
Ale, 
Porter, 
RrownSloot, . 



Port, 
Madeira, 

Lisbon , . 

Claret, , 

Malaga, . 

ChampSiTne, 

Burgundy, 

Muscat, 

Currant, 



Proof of Spiriluoits Liquors, 
Theweight, inair, of acubic inch of Pw/ %ri/s, at (IIP F., is 
S33 grains; therefore, an inch cube of any heavy body, ^t that tompera- 
lure, weighing S33 grains less in spirits than in ait, shows ihe si>lrits 
in which it is weighed to be proof. If the body lose less of its weight, 
tlie spirit is above proof, — if mote, it is below, 
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WEHiHT OF TIMBER. 



79 



Comparative WagM of differeni kinds of Timber in a green and prr- 
fedly seasoned stale. 
Assuming: tlie weiglit of each kind deslitute of walet to be 100, lliat 
of the same kind gteen is as follows : — 

Ash, . . 153 1 Cedar, , . 148 1 Maple, red, . 149 
Heecli, . . 174 Elm, swamp. . 198 1 Oak, Am., . 151 
Birch, . . 169 I Fir, Amer., ' . 171 1 Pine, white, . 152 

NoTB. — Wnnds which hate been fbJled, deft and housed for IS moollia, nill rolniii 
from 20 lo 85 par cam. of walar. They Ihsrafora cgnlain biit from 76 lo 80 pet cent, of 
healJng msuer; ana Itnill nquirefn>m23ut 29paicem. Iho weight of such woods id 
diepel tha wawr Ihey conlHln. The; nre, thersfors, less valyjililo »/ walght, as fua], by 
111 I j per cent., Ihan woods ]>erfectl; free fR»ii moislure, Tliay never, however, coiilulii, 
clposal [oanoriinary almnajihars, leaa Ihan 10 par cent, of waur. boweier long kept; 

tbfi atmouphere, fiuiii 10 la 12 per centT of dampness. 

Relatioe power of diffident seasoned Woods, Coals, ^c.,asfuel, topro- 
duce heat, — the Woods supposed to be seasoned to mean dryness, 
(77i per cent.,) and the other articles to conlaia bui that usual quan- 
tity of moisture. 





^tr\ 


s 


Hickory, ahell-bark, 


I. on 


l.flo 


" red-hcatt, 




IIH 








Beech, red, ■ . . 


74 


qq 








Elm, white, 


r.a 


fls 




















Pine, white 


.43 


1,01 


" yellow, ■ . 


AH 


i,o:{ 










48 


'Ml 




SWl 


9.m 


" Lackawanna (anth.) 


saK 


2 2fl 






H03 


" Newcastle, (bit,) 


H.Hl 


t on 


" Piclou, (bit.) 


wyi 


1 01 


" Pittsburgh, (bit,) 


I.7H 


\.m 


" Peach Mountain, (anth.) .... 


a,«H 


t!,2!) 




1.14 


•i.Ki 


Coke, Virginia, natural, ..... 




2,19 


" Cumberland, . . - . 


i.rti 


a,tf.'> 


Peat, ordinary, 




iU 


Alcohol, common, 




'iM-i 


I!(!cswax, yellow, 

Tallow ... 




y.oo 
3 in 
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ILLtiMlSATlON. 



' par vulucofeit^ierfittier^ as fuel, mu; be readily asceruilned : - 

Maple (C6) : $5.00 : : Pine (42) r $3.18. 



ILLUMINATION — ARTIFICIAL. 

The following Tablk shows : — 

!. The materials and methods of nsin^ — column Materials. 

3. The comparative maximum intensity of light afforded by each 
m»IorIal, used or consumed sb indicated, — column Intenaties. 

'i. The weig-ht, in grains, of material consumed per hour, by each 
nielhod respectively, in producing its respective light, or light of in- 
lenBJty ascribed — columa Wd^ht. 

i. The ratio of weight required of each material, under each spe- 
cial method of consumption, for the pioductioo of equal lights iti 
equal times — column Ratios. 





Paragon Lrnip, 


Sperm Oil 


Parker's heatinj- L 














Wlude " 


p'fd.,P'B heating 


Wac CanJks, 3's or 4's, 15 in 




6's, 9 in., . 


l^ienn " 


4'a, 134 in., . 


Slearzne" 


4's, 134 in.. ■ 


TMov,, " 


dipped, lO'a, , 


" " 





■' Coal Gca" intensity bi 





Inlenr 


Wtijht. 




IS. 


m<\ 




10. 
5. 
1. 
fl 


Si5 
543 
112 
78t> 


or la in., . 


1. 


195 






139 
142 
168 




70 


150 




,(iK 


132 




.m 


132 


n- : : 


.79 
I. 


163 
18G 
411 








«,«al 





IlieU 



I'leld at bi 



Ml hjilrogen — Olefianl gn« — Coal Gas, ol 



IIS Coal, 



J=^ 



I Ih. Oil, orOlein., 

llh.BuaVntPiwl'i' ■ ■ ■ ■ ■ ■ i 10 " 
A pound of good Luioiviliire ea^mcl eonl, or of good gcotch caancl, 

yli^ld, on an avBram, 6.95 onhio feet of good HluniinBtiiig gaa. 
From Iba EngUsh Boghoad emtnel, b; White's bf dro-oarbou process, 17 ci 

fbet to the pound are 0011111001; obtainud. ' 
A plpo wlioio Intorlnr dlametoi' ia Jtnoh, will BupjilyBae oqun! InUlumlnil 



inndles. 



OfiWto 



.whtkt 
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Results of Experiments b^ Mr. Clegg of London, relative to ('.e 
conveyance ofcoal-tfas through }iipes of different lengths, diame~ 



'^T.t^SLf'' 


Ls^bO'o^.vo 


P™^.Lni.ch. 


Slieoiflo^Bmrily, 


■wttsr 


0.5 


!0 


1.25 


0,4 


120 


0.5 


59 




25 


0.4 


60 


0.62 






38 


0,559 


99 


O.G-2 
0.G2 


G2 
93 




34 
34 


0,559 
0,559 


83 

74 


0,62 
0-62 


JI9 
138 




34 
34 


0,559 
0,559 


57 
53 


2. 


'25 


C 


5 


0,528 


1630 


W. 


1760 


3 




OA 


aoiooo 


18. 


1760 


1 




0.4 


66,000 


26. 


4300 





475 


0.43 


80,000 




3130 







0.43 


108,000 


26, 


4300 


2 


25 


0.43 


175,000 



From those esperiraents and others, Mr. Clegg derives the data 
for the following general approximate rules, viz. : 

Q = I350i/' I— — . . ; or, when tbo length of the pipe is above 
400 or 500 times its diameter; or, in any case, if the preBsure be 
measured in the pipe insteadof iiithegas-holder,Q^=I350d2 I™; 

in which Q represents the quantity of gas in cubic feet passed per 
hour, I the length of the pipe in yards, d the diameter of ^e pipe 
in inches, k ^ pressure in inches of water, and s the specifi<! 
gravity of the gas. . 

Therefore, ordinarily for short mains of large diameters, or 
when the quotient of SGl~- d is less than 400, 

l = ]S^^^-d,h = 'M±^; and i + rf = 1^12^^- 

And for long pipes of small diameters, or when I and ; -f rf are 
practicaUy ec[ual. 

i= H£^^ ft= _«:f^; and rf= 'l-^. 

Now, in these formulas for Q, by Mr. Clegg, the probable re- 
tardation of the flow of the ps due to the flietion of its particles 
in the pipes has been taken into account ; and the results by Ihe 
tbrtnulas agree as closely as could bo expected with tlie given ex- 
periments, altlioiigh (he former a\c!-iige itbont 7 per cent, more 
ihmi the latter. 
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Tlio pil>es aiv lierc siipjwsud to bo strdgbt, and to lie horizon- 
tal, or oqual in nlToct to lluit condition, and the gas is supposed to 
hu dcHvcriid without force at ilie dischar^ng end. 

Example. — What pressure in Inches rawateris required to 
convey 852 cubic feet of gas per hour, of specific gravity 0.S98, 
Uirough a pipe 4 inches in diameter and 6 miles in length ; 
852" X 10560 X -398 _,.„,„ , . ^,_ ,„,_ 



THERMOMETERS. 

Fahrenheit's, . . . . | S13' I 32" 

Reaumur's, .... 80° 0° 

Centigrade, . . . . | 100° [ 0° 

To reduce Reaumvr to Fahrenhdt. 

When it is desired to reduce the +", (degrees above tlie zero) : — 

Rule. — Multiply thg degrees Reaumur, by 2.35, and add 32° lo 

the product ; tlie sum will be the degrees Fahrenheit. 

When it is desired to reduce the — °, (degrees below the zero) ; — 

Rule. — Multiply the — ° Reaumur by 3.25, and subtract tlie 
product from 33° ; the dilfferenoe will be-the degrees Fahrenheit. 

Example. — The degrees R. are 40 ; required the equiyBlenl 
degrees F. 

40 X 3.95 = 90 -|- 33 =. 133°. Ans. 

Example. — The degrees below 0, R., are 10; what are the eor- 
responding degrees F.t 

10 X 2.35 = 32.5, and 32 — 33.5 = 9i°. Ans. 
Example. — The degrees below 0, R., are 16 ; what point on the 
scale F. corresponds thereto! 

16 X 2.25 — 36, and 33 — 36 — — 4 ; 4° below 0. Ans. 
To reduce ike Centigrade to Fahrenkat. 
Rule. — Multiply the degrees C. by 1.8, and in all other respects 
proceed as directed for Reaumur, above. 



JofWsilioi 



!)oF. The fnalraniKil i 
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HOBBE POW'EH — ANIMAL I'OWRU — STEAM. '^^i 

HORSE POWKIi. 

A HORSE-rowEB, jtl machinery, as a meaSiire of fiirce, is estimated 

equal to the raising of 33000 Iba. ower a single pulley one foot a 

minute, = 550 iha. raised one foot a second,^ 1000 lbs. raised 33 feel 

a miiuitc. 

ANIMAL POWER. 

A man of ordinary strength ia supposed capable of exerting a force 
of 30 lbs. for 10 iioura in a day, at a velocity of SJ feet a second, = 
75 lbs. raised 1 foot a second. 

'L'he ordinary working power of a horse is calculated at 750 Ihs. for 
8 lioiirs in a day, at a velocity of 2 feet a second, ^ 375 lbs. raised 
I foot a second, ^ 5 times the ef^tive power of a man during asao- 
oialed "labor, and 4 times his power per day ; and as machinery may 
be supposed to work eonlinually, ^ a trifle less tlian 33 per cent, per 
day of a machine horse-power. 



TiAh exhiUtinz the ar 


vatmve for 


ce and rai 


ovs conditions of sfeam 




under different degrees of trnperatarc. 


"'fZ"" 




Tien.lljr. 


•^.frj;. 


^'T;,'zr'- 


"«"'■"■ '" 


213 


1 


.00059 


1694 


.484 


354 


S50.5 


3 


.00110 


909 


.915 


483 


270 


3 


.00160 


625 


1.330 


700 






.00910 


476 


1.728 


910 


308 


5 


.00258 


387 


3.130 


1110 


359 


10 


.00493 




3,970 


3100 


419.5 


SO 


.00973 


106 


7.440 


3940 



lAn atinoaphere \i M-j^ llia. Co the square iiioli.l 

1894 Oraea gniiter tban U oocnpted when aa vster in anUDral sutij. It exerts a mechan- 
ical Kma, oDiiaeqiiently, = IBH tlmn thuttdgU or force of UieaUDsephen Rstlne on 
the boUi &Di»wli)cli iewu getwniled, or realiog on l-ieHlh of the spaiie IC occui^es. 
A Ibrce, If n oon^Er tbe ndnme aa 90 many culilc Inchts, eqaBi to lbs rsMng of ai3T 
lbs; 13 Ipobea high, bjr a qutintlty ot eteaia less thsio a cul^ Itoot, healed only lo the tein- 
IWFature of boillDE water, mid weighing but 24S grains, and tbat, loo, Iho |Hiiiliict or a 
single cuMo Inch at irnltr. 

The mean pressure of tlie atmosphere at the earth's surface is equal 
to the weight of a column of mercury 29,fl inches in height, or to n 
cohimn of water 33.87 feet in height, = 21IC.8 lbs. per sriuare foot, or 
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84 VELOCITV jiND FOnCE OF WIND. 

14.7 llis. per square inch. Its density above the earlh is unifiirinli) 
less as its altitude is greater, and its extent is rot above 60 miles — 
ils mean altitude is about 45 miles; at 44 miles it ceases lo refiecl 
liglil. Were it of uniform density lliroughnut, and of tlial at the sur- 
face, ils altitude would be but 5i miles. Its weight is lo pure water 
of equal temperature and volume, as 1 to 829. It revolves with the 
earth, and its avorageliumidity, at 40° of latitude, is 4 grains per cubic 
foot. Its weight at 60°, b. 30, compared with an equal bulk of pure 
water at 40°, b. 30, is as 1 to 830.1. 



VELOCnr AND 


FORCE 


OF WIND. 


fll.i«ll,110M 


"&" 


"IS^f 


1 


.lust perceptible, 


2* 


n 


.03S 


Gentle, pleasant wind. 






44 


0? 


.101 


Pleasant, brisk gale, 






124 


m 


.80 


Very brisk, 






334 


33 


3.59 


High wind. 






334 


471 


5.33 


Very high wind,. 






424 


63J 


8,93 


Slorni, or tempest, 






50 


73J 


13.30 








60 




17.71 


Hurricane, 






80 


117i 


31.49 


Tornado, moving buildings, &c. 


100 


146.7 


49,30 



. The curvature of the earth is 6.99 inches (.5825 foot) in a single 

statute mile, or 8.05 inches in a geographical mile, and is as the 

siiiiare of the distance for any distance greater or less, or space 

between two levels ; thus, for three statute miles it is 

1 : 3* : : 6.99 : Sj feet, nearly. 

The horizontal tefraction is ■^. 

Degrees of -longitude are to each other in length, as the cosines of 

llieir latitudes. At the equator a degree of longitude is 60 geographical 

miles in length, at 90° of latitude it is 0; consequently, a degree of 



30" , . =56.38 " 70" . =30.53 " 

30° . . =51.96 " |85° . . == 5.33 " 

Time is to longitude 4 minutes to a degree, — faater, east of any 
given point; slower, west. 

The mean velocity of sound at the temperature of 33° is 1100 feet 
a second. ■ lis voUicily is increased j a fool a second for every degree 
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GK4TITATI0M. 85 

above 33', and deci'iiased J a foot a second for every degree below 
33 . 

In water, sound passes at the rate of 4,708 feet a. second. 

Light travels at the rate of 192,000 miles per second. 

GEAVITATION. 

Gravity, or Gravitation, is a property of all bodies, by whieU 
they mutaally attract each other proportionally to their masses, 
and inversely as the square of the distance of their centres apart. 
Practically, therefore, with reference to our Earth and the bodies 
upon or near its surface, gravity is a constant force centred at tlie 
Earth's centra, and is there continually operating to draw all bodies 
nitb a uniformly accelerating velocity to that point, and through 
very Nearly equal spaces, in eqaal intervals of tune from rest, at all 
localities. 

Putting R'-to repi'escnt the Equatorial radius of the earth, and r 
to represent the Polar, and making IS ^ 39G2.5 statute uiileti, and 
i'=:3949.5, which is nearly in accordance with the mean of the 
most reliable mtasurcmenls of the arcs of a degree of latitude at 
different localitii's, we havee' = (/i"— r') -^B"— .006550751, the 
square of the ellipti.'ity of the earth, and R — 2R'-^i2-\- ^lanH), 
the radius at atiy jxiven latitude L 

And since the initial velocity due to gravity at the level of the 
sea at the Equator is (?=;32.0741 feet per second, or, in other 
words, since a body falling in vacuo at the equator, at the level of 
the sea, describes a space of IG.03705 feet in the first second of 
time from rest, we ]iaveif=;[fi' y'G -r- fi]', the initial velocity at 
the level of the sea at any given radios Jil; or j^= (22441.2 -^ij)'. 

, , r 11 /22441.2\i / ' 2h \ 

Andfinallyy=^_^— ^ X ( 1 -gagoJ; j at any given ra- 

dius R, at any given allitude, h, in lect, above the level of the sea. 
KoiB. — Wlu'D ', reckoned Avm tlio equutor, is liigher than 45*, Bin^ I = 
eos'iw) — i;. 

The Impulse, or force with ivUidi a falling body strikes, is the 
product of its weight and velocity (the weight multiplied by the 
square root of the product of the space fallen through and 64.33, 
or 4 times 16^) ; thus, 100 Itis., falling 50 feet, will strike with a 

'50 X G4.333 — y'3216.(iG — 56.71 X 100^5671 lbs. 
An entire revolution of the earth, from west to east, is performed 
in 23 hoars, 66 minutes, and 4 seconds. A solar year 3= 365 days, 
G hours, 48 minutes, 57 seconds. 

Tlie area (rf the earth is nearly 1 97,000,000 square miles. Its crnst 
] to be about 30 mile^ in thickness, and its mean density 5 



times that of water. About # of its area, or 150,000,000 sijuar 
miles, is covered by water. The portions of land in the several 
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Asia, . . 16,300,0001 Europe, , . 3,700,000 

Africa, . . 11,000,000 Auslralia, . . 3,000,000 

America, . . 14,500,000 1 

America is UOOO miles long, or -j^^j ilie circumfetcuee of lliu 

Theiicputalioiiof tliGglobeis about 1,000,000,000, of which tliui^! 



CHEMICAL ELEMENTS. 



Of llie uoii-mclallic, 5 — bnitmne,chhrinE,fluurine, !(»fine,anil oxi/- 
gim, (fiirmerly lermej " siipporlcrs of combuslion,"') liave an iiileiise 
aflititty fur ali ihe others, which they penetrate, corrode, and appar- 
ently consume, always with the prndiiclion, ID some extent, of light 
and heal. They are all iioii-conduciors of electricity and negative 
electrics. 

The remaining 8 — hydrogen, niliogca or azole, carbon, boron, sili- 
con, pkosphoras, selenium, and sulphur, are eminently Busceptible of 
the impresaioiiB of the preceding five; when acted upon by either of 
them to a certain extent, light and heat are manifestly erolved, and 
they are Uiereby converted into iiicomhuatible compounds. 

Of the metals, 7 — potassium, sodium, caldum, bari/lium, lithium, 
strontium, and magnema, by the action of oxygen, are converted into 
Iwdies possessed oialkalijie properties. 

Seven of them — glucinttm, erbtiun, terbium, yttrium, allumium, zir- 
ciinium, and thorium, — by the action of oxygen, are converted into 
the earths proper. 

In short, all the metals are acted upon by oxygen, as also by most 
or all of the non-metallic family. The compounds thus formed are 
ulialine, saline, or acidulous, or an alkali, a salt, or an add, according 
to the nature of the materials and the extent of combination. 

Metals combine with each other, forming alloys. If one of the 
metalain combination is mercury, thecompound is called an miinlgam. 

Silicon is the base of the mineral wurid, and earlon of the iirgan- 

For a very genera! list of the metals, see Table of Sheoikic (Imv- 
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TABLE 

Eihibiliiig the Ekmenlanj Cunsliluenls ami jxr ceid. by wdglU of each, 
in 100 parlt of different compounds. 









Ivln-^tn. 












19.9C 


70.84 




Water, pure. 


Il.l 


m.o 






Alcohol, anhydrous, 


13.9 


34.44 




62,60 


Olive oil, .... 


13.4 


0.4 




77.2 




10.37 


10.13 




78.0 


Castor " . 


10.3 


15.7 




74.00 


Steariiic, {solid offals,) 


11.33 


6.3 


0.30 


83.17 


Oleine, (liquid of fats,) 


11.51 


12.07 


0.35 


T6.03 


Linseed oil, .... 


11.3,^ 


13.64 




70.01 


Oil of turpentine, 


11.74 


3.06 




84.0 


"Campliene," (purespts. turp.) 


11.5 






88.5 


Caoutchouc, (gum elasUc,) . 


10. 






90. 


Camphor, .... 


U.I4 


11.48 




77.38 


Copal, resin, . . . 


fl. 


11.1 




73,9 


Guaiac, resin. 


7.05 


25,07 




67.88 


Was, yellow, . 


11.37 


7.94 




80.69 


Coals, cannel, . 


3.93 


91,05 


9.80 


73.32 


" Cumberland, 


3.03 


14.43 


3.56 


80. 


" Anthracite, , . 1/ 








93. 


Charcoal, .... 








97. 


Diamond, .... 








100. 


Oak wood, dry, . . . r. 


5-&J 


41-78 




53.53 


Beech" "... 


5-82 


43.73 




51.45 


Acetic acid, dry, 


6.83 


40-04 




47:64 


Citric " crystals, . 


4.5 


59.7 




35.8 


Oxalic " dry, 




79.67 




20.33 


Malic, '• crystals, . 


3.51 


55.03 




41.47 


Tartaric " dry. 




00.9 




36.80 


Formic " " . . 


3.68 


64.78 




32.54 


Tannin, tannic acid, solid, . 


1.30 


44.24 




51,56 


Nitric acid, dry, . 




73.85 


30.16 




Nitrous " anhydrous, liquid. 




61 33 


30.68 




Ammoniacal gas, 


17.47 




82-53 




Carbonic acid " . 




73.39 




37,68 




34.51 






75.49 


Bi-oarb. hyd., olefient gas, . 


14.05 






85.95 


Nitric osyde " 






53.8 


46.2 




53, 


47.00 




Nitrous " " . 




36.36 


63-04 




Elher, sulphuric, . 


13.85 


21.24 




65-05 


Creosote, . . . . 


7.8 


10. 




76,3 
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i,a^.!.». 








Morphia, . . . ■ . 


0,37 


ic:3ir 


5. 


72.34 


Qdna, — quinine, 






7.53 


a.oi 


8.11 


75.70 


Veiairine, . 






8.55 


19.61 


5.05 


06.70 


Indigo, 






4.38 


14.35 


10. 


71.37 


Silk, pure wljile, . 






3.04 


34.04 


11.33 


G0,6!( 


Starch, — (aiina, doxir 


lie. 




6.8 


40.7 




43. D 


Sugar, 






6,30 


50.33 




43.3H 


Gluten, 






7.8 




11.5 


55.7 


Wheat, 






G. 


44.4 


S.4 


47.02 


Rye, . 






5.7 


45.3 




47.03 


Ouls, . 






0.6 


38.2 


2.3 


53.9 


Potatoes, . 






6.1 


46.4 


l.OC 


45.9 


Peas, . . . 






6.4 


41.3 


4.3 


48. 


Reet root, . 






0.3 


46.3 


1.8 


45.7 


Turnips, . . 






6. 


45.0 


1.8 


40.3 


l-ibrin. 




J 


7.03 


30.30 


19.31 


53.30 


Gelatin, . 




d 


7.91 


S7.31 


17. 


47.88 


Albumen, . 




d 


7.54 


23.88 


15.70 


52.88 



Muriatic acid g-as, — Hydrogen 5.53 -\- 04.47 chlorine. 
Sulphuric acid, dry, —Oxygen 79.67 + 90.33 sulphur. 
Silicic acid — Silica, dry, — Osygen 51.96-1-48.04 silicon. 
Coracio acid — Borax, dry,- " 68.81 -j- 31.10 boron. 

a. The atmosphere, in addition lu its constituents as given in the 
table, contains, besides a email quantity of vapor, from 1 to 3 parts in 
a thousand of carbonic acid gas, and a trace merely of ammoniacal gas. 

b. Anthracite coal, charcoal, plumbaso, coke, &c., hnve no other 
ooiiBlituent than carbon ; they are combmed, to a small extent, with 
Ibrciirn matters, such as iron, silica, sulphur, alumina, &c. 

c. Theconstituenlsof woods, grains, &c., are given percent., wiili- 
oul regard lo the foreign matters (melal/k) wliich they contain. In 
oak, rJicsinal, and Nonemf piTte, the ashes amount to about -^^ of 1 per 
(k!nt., and in ash and rtutph to .j''^ of 1. In anihiacite coals, at an 
avitrage, they ore about 7 per cent. 

d. Fibrin, Gelatin, Albumen — Proximate animal constituenls — 
Nutritions properties of animal matter. 

Fibrin is the basis of the muscle (lean meat) of all animals, and is 
also a large constitueut of tlie blood. 

Gelatin exists largely in the skin, cartilages, ligaments, tendons and 
bones of animals. It also exists in the muscles and the membranes. 

Albumen exists in the skin, elands and vessels, and in liic serum of 
tijo blood. It constitutes nearly the whole of the white of an egg. 
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of their respectiva specific gravities, compared with Iheir relative 
weigLis, as given per cent, in Ihe preceding table: — thus, the ap. 
gr. of hydrogen is .0089, and that of oxygen 1.1035, and 1.1025 -~ 
.0680 = 16 ; ahowina- the weight of the kiler to he IB times thai i<( 
tlie former per equal volumes, or, relatively, ns HI to 1. The per 
cent, by weight, aa shown by the table, in wliieh these two gases 
combine to form water, for instance, is 11.1 and 88.9; or II. 1 of 
hydrogen and B8.0 of oxygen in 100 of the ciimiioiind ; or as 88.9 -;- 
11.1, — as 8 lo I : ^6-^8 = 2: two volumes, therefore, of ibo 
lighter gas (hydrogen) combine with one of o.'sygen to form wate|-. 
Water, consequently, is a Protoxide of Hydrogen. 

Upon tie principle of ATOMIC WEtGnTS, — relative quantities, 
by weight, in which the elements combine in forming compounds, 
bnaed upon the standard already shown, — we have, for wat«r, 
II' -|- O*^ Aq, 9. That is, an atom of hydrogen is represented 
by 1, an atom of oxygen by 8, and an atom of water by 9. 

By the aaioe rule as the preceding, the constituents of abnos- 
pheric air are ibund to be to each otiier, in irolume, as 4 to 1 ; ibuv 
volumes of nitrogen and one volume of oxj^rcn make one volume 
of atmospheric air. The weight of nitron to hydrogen, per 
cqnal volnmcs, is as .972 to .0089, aa 14.11 to 1. Atomieally, 
therefore, it is as 7.055 to 1 ; hence, we have N^-J- O ^^ 36.22, 
the atomic weight of atmospheric air. 

The vast condensation of the gases which takes place, in some in- 
atances, in forming compounds, may be conceived of, and the process 
for determining the same exhibited by a single illustration. We will 
take, Ibr example, water. A single cubic inch of distilled water, at 
60°, weighs 353.48 grains. Its weight is to that of dry atmosphere, 
al the same tecnperature, as 837,8 to 1. A cubic inch of dry aUaoe- 
phere, therefore, at that density, weighs .305 of a grain. Hydrogen, 
we find by the table of Specific Gravities, weighs .0689 as much 
as atmosphere, and oxygen 1.1025 as much. A cubic inch of hydro- 
gen, therefore, weighs .0689 X .305 = .03I0145 of a grain, and 
a cubic inch of oxygen 1.1035 X -305. =' -3362G35 of a grain. 
The constituents of water by volume are 3 of the first mentioned g^ 
to 1 of the latter ; and .0210145 X 2 + .3302625 = .3782915 of a 
^rain, = weight of three cubic inches of the uncondensed compoiinil, 
J of which, .1360973 of a grain, is the weight of a volume 1 cubic 

As tlie weight of a given volume of the uncondensed compound, is 
lo the weight of an equal volume of the condensed compound, so aii' 
their respective volumes, inversely : then — 

' .1360973.: 353.48 :: 1 : 3003.36, the number of cubic inches of lb.' 
two gases coiidejiscd into I inch to form water ; a condensation ol 
SOOI times. Of this volume of gases, J, or 1334.84 cubic inches, is 
hydrogen ; the remaining third, 067.49 cubic inches, is oxygen. 
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The foregoing method, though strictly correct, does not exhibit in a 
general way the most expeditious for solving questions of that nature, 
5ie condensation which takes place in the gases on being converted 
iiito solids, or dense compounds. It was tesorted to, in part, as a 
means through whicli to exhibit principles and proportions perlaiiiing 
thereto. 

As before ; one cubic inch of water weighs 252.48 grains, ^ of 
which, or,33.05-[- grains, is hydrogen, and |, or234.43— grains, is 
oxygen. The volutne-ofl grain of oiygen is S.97+ cubic inches, and 
the vohime of hydrogen is 10 times as much, or47.5e-|- cubic inches. 
Therefore, 38.05 X 47.58 = 1334.63, and S24.13 X 2.97 = 605.56. 
= 3001.18, condensation, as before. 



Propaties of l/a simple substances, oitd some qf Ihetr compounds, not 
given in tlie foregoing. 
Bromine, — at common temperatures, a deep reddish-brown vola- 
tile liquid; taste caustic; odor rank; boils at 110"; congeals at 4° ; 
exists in sea-water, in many salt and mineral springs, and in most 
marine plants ; action upon the animal system very energetic and 
]M>i80nous — a single drop placed upon the beak of a bird deetroys the 
bird almost instantly. A lighted taper, enveloped in its fumea, burns 
with a flame green at the base and red at the top ; powdered tin or 
antimony brought in contact is instantly inflamed ; potash is explodflil 
with violence. 

Chlorine, — a greenish-vellow, dense gas; taste astringent; odot 
pungent and disagreeable ; by a pressure of 60 lbs. to the square inch 
13 reduced to a liquid, and thence, by a reduction of the temperature 
below 32", into a solid. It exists largely in sea-water — ia a constit- 
uent of common salt, and forms compounds with many minerals ; is 
deleterions, irritating to the lungs, and corroave; has eminent 
bleaching properties, tmd is the greatest disinfecting agent known ; 
a lighted &.per immersed in it burns with a red flame ; pulverized 
antimony is inflamed on coming in contact, so is linen saturated with 
oil of turpentine ; phosphorus is ignited by it, and bums, while im- 
mersed, with a pale-green flame ; witll hydrogen, mixed measure for 
measure, it is liighiy explosive and dangerous. 



I abundantly in 



OxvcKN, — a trtnsparcnt, colorless, tasteless, inodorous,! 
gas ; supports respiration and combnslioii, Iml will not sustain life for 
any length of time, if breathed in a pure stale. It is by far the jnost 
fibimdani subsLincc in existence; oonsliluica -^ of ilie atmosphere; 
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I of water; and nearly liic whole ciusl of tlie cnrlti is oxidised sul)- 
Btances. For furllier combinations and jiropErtiea, see tables of Ek- 
menlarij OmUituenls and Clieinical Elements. 

Iodine, — at cammon temperatures, a soil, pliable, opiquc, bjuish- 
black solid ; taslo acrid ; odor pungent ami unpieaeant ; fusea at 335° ; 
boils at 347° ; its vapor is of a beautiful violet color ; it inflames 
phosphorus, and is an energetic poison ; exists mainly in sea-weeds 
and sponges. 

HvDROOEN, — a transparent, colorless, tasteless, inodorous, innox- 
ious gas ; if pure, will not support respiration ; if mixed with oxy- 
gen, produces a profound sleep ; exists largely in water ; is the basis 
of most liquids, and is by far the lightest substance known ; burns in 
the atmosphere with a pale, bluish light ; mixed with common air, I 
measure to 3, it is explosive ; mixed with oxygen, 2 measures to 1, 
it is violently so. 

NiTHOGKN, or Azole, — a transparent, colorless, tasteless, inodorous 
gas ; will not support respiration or combustion, if pure ; exists 
largely as a constituent of the atmosphere — in aniraafs, and in fun- 
gous plants ; is evolved from some hot springs ; in connection with 
some bodies, appears combustible. 

CaBbon, — the diamond ia the only pure carbon in existence ; pure 
carbon cannot be formed by art ; charcotd is 67 per cent, carbon ; plum- 
bago, 95; an/hracile,93. Carbon is supposed by some to be the hard- 
est substance in nature. A piece of charcoal will scratch glass; bnt 
it ia doubtful if tliis is not due to the form of its crystals, rather than 
to the first mentioned quality. It is doubtless the most dvrabk. For 
combinations, &c., see table. 

Boron, — a tasteless, inodorous, dark olive-colored solid. 

Silicon, — a tasteless, inodorous solid, of a dark-brown color; 
exists largely iu soils, quarts, Hint, rock-crystal, &c. ; burns readily 
in air — vividly iu ovygon gas ; explodes witli soda, polassa, barryta. 

Phosphorus, — a transparent, nearly colorless solid, of a wax- 
like textore ; fuses at 109^, and at 550° is converted into a vapor ; 
exists mainly in hones — most abundant in those of man — is poison 
OHs ; at common temperatures it ia luminous in the dark, and by fric- 
tion is instantly ignited, burning with an iniense, hot, white flame ; 
must be kept immersed in water. 

Seleniitm, — a tasteless, inodorous, 0|iaqiic, brittle, iead-colorpd 
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solid, in llie mass; in powjer, a deep-red color; becomes fluid at 
316", boils at (J5(P ; vapor, a deep yellow ; exists but sparingly, 
mainly i» corabinalion willi volcanic matter ; is found in small quan- 
tities oombiued with the ores of lead, silver, copper, mercury. 

Ammoniacal gas, — N -|- IF ; tianspareut, colorless, highly pun- 
gent and stimulating ; alkaline ; is converted into a transparent liquid 
by a preesute of 6.5 atmospheres, at 50° ; does not support respira- 
tion ; is inflammable. 

Carbonic acid gas, — C-f-(^; transparent, colorless, inodorous, 
douse ; is converted into a liquid by a pressure of 36 atmospheres ; 
exists estensiveiy in nature, in mines, deep weds, pita; is evolved 
from the earth, from ordiuarycorabustion, especially from the comhus- 
tion of charcoal, and from many mineral springs ; is expired by man 
and animals ; forms 44 per cent, of the carbonate of lime called mar- 
ble ; the brisk, sparkling appearance of soda-water, and most mineral 
wateiB, is due to its presence. It is neither a combustible nor a sup- 
porter of combustion ; and, when mixed with the atmosphere to :m 
extent in which a candle will not burn, is destructive of life. Being 
heavier tlian atmosphere, it may be drawn up from wells in large open 
buckets ; or it may be expelled by exploding gunpowder near 3ie bot- 
tom. Large qnantiliee of water thrown in will absorb it. 

The above gas is expired by man to the extent of 1632 cubic inches 
per hour ; it is generated by the horning of a wax candle to the ex- 
tent of 800 cubic inches pet hour ; and, by the burning of "Cam- 
jihene,'" (in the production of light equal to that afibrded by 1 wax 
candle,) to the extent of 875 cubic inches per hour. Two burning 
candles, therefore, vitiate the air to about the saine extent as 1 per- 



Carbomc oaiJe gas, — C-|-0; transparent, colorless, insipid; 

odor olfensive ; does not support combustion ; an animal confined in 

it soon dies ; is highly inflammable, burning with a pale blue flame ; 

mixed with oxygen, 1 to 3, is explosive — with atmosphere, even in 

, small tiuantity, is productive of giddiness and fainting. 



there formed by the decomposition of vegetable matter ; extinguishes 
iKHiies ■" 



a\\ burning lioiiies, but at IJie same time is 
' ^ a bright 1..-' ■■"--■■'' "— 



Cijaaogai — Bicarlmid af Nilrogtn — a ga,% — N -f- C; trans 
>iirent, cidorliias, hiirbly pungent iind irrilatiiig ; iiiidor n prrssuve of 
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HyilriKJihrk add gas — Muriatic mid gas, — H -j- CI. (chlorine) ; 
iraiisparenf, coloriesB, pungent, acrid, suifocating ; sttong acid laste. 

Nilrmts oxide gas — Protoxide of Nitrogen, "laughing gas," — 
N -f- O ; transparent, colorless, inodorous ; tasle sweetish ; powerful 
stimulant, when breathed, exciting both to mental and muscular ac- 
tion ; can support respiration but from 3 lo 4 rainuiea ; is oflen per- 

Ni/ric oxide gas — Binoxide of Nitrogen, — N-l-C; transparenl, 
colorless ; wlioTly irrcspirable ; iighted charcoal and phosphorus burn 
in it with increased brilliancy. 

Olefiant gas — Btcarlmrcled hyilrr^cn gas — ^' coal gas," — C -j" 
IV ; transparent, colorless, lasteless, nearly inodorous, when pure ; 
does not support respiration or combustion ; a lighted taper inuneraej 
in il is immediately extinguished. It burns with a, strong-, clear, 
white lig-ht; mixed with oxygen, in liie pniportion of 1 volume to 3, 
tl is liiglily explosive and dangerous. 

Phosploireted hydrogen gas, — P -[- ff ; colorless; odor highly 
ulfensiye ; taste bitter ; exists in tlie vicinity of swamps, marshes, 
and grave-yards ; is formed by the decompositioji of bones, mmnly ; 
is highly in^mmable ; takes fire spontaneously on coming in contact 
with the atmosphere; mixed witli pure oxygen, it explodes. It is 
the verilable " Will o' the wisp." 

Sufyhurcted hydrogen gos — Hydrosuljihuric add gas, — S 4- H ; 
transparent, colorless ; tasLe exceedingly aauseoos ; odor ofTonsive 
and disgosting ; is furnished by the sulphurela of the raelals in gen- 
eral — also by filthy sewers and putrescent eggs. It is very destruc- 
tive to life ; placed on the skin of animals, il proves fatal. It burns 
ivilh a pale blue flame, and, mixed with pure oxygen, it is explosive. 

Hydrocyanic add — Prussie ocfrf, — N -f- C -f- H ; a colorless, 
limpid, highly volatile liquid ; odor strong, but agreeable — similar 
(0 that of peach-blossoms ; it boils at 7iP and congeals at ; exists 
in laurel, the bitter almond, peach and peach kernel. It is a most 
virulent poison, — a drop placed upon a man's arm caused death in a 
few minutes, A cat, or dog, punctured in the tongue with a needle 
fresh dipped in it, is almost instantly deprived of life, 

Hydrofluoric add, — F-|-H; a colorless liquid, in well stopped 
lead or silver Imltles, at any temporaiure liclween 32° and 59^. Il is 
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obinined by the action of sulphuric acid on lluor-«iiaT. Tl readily 
acts upon and is used for eustiing on glass. It is the most destructivs 
to aiiiraal matter of any Imown substance. 

KtrohydroclHoric acid — "laqua regia," — ^ {1 part nitric acid and 4 
[jarlB murialic acid, by measure ;) — a solvent for gold. The best sol- 
vent for gold is a solution of sal amnioniac in nitric acid. 

Niirosulphuric add, — (1 part nitric acid and 10 parts sulphuric 
acid, by measure) — a solvent for silver; scarcely acts upon gold, 
iron, copper, or lead, unless diluted witli water ; is used for separat- 
ing the silver from old plated ware, &c. The best soivenl for silver, 
and one which will not iict in the least upon gold, copper, iron, or 
lead, is a solution of 1 part of nilre in 10 parts of concentrated siil- 
phuric acid, by weight, heated lo 160°. This mixture will dissolve 
about J its weiglit of silver. The silver may be recovered by adding 
common salt lo the solution, and the chloride decomposed by the car- 
bonate of soda. 



SiSeie add, — (SiUea — silfs ; base Silicon) — Si -^ 0' ; exists 
largely in sand. Common glass is fused sand ajid protoxide of potas- 
sium (carbonate of potassa — fotosh) in the proportion of 1 part hy 
weight of the former to 3 of llie latter. 

Manganese, compounded witli oxy^n, in different proportions, im- 
parts the various colors and tints given lo fancy glass ware, nuw so 
generally in vogue. 

Butyhne, — C-f-ff; sp. gr. 1.9348; a gaBCons hydro-carbon 
derived from the distillation of coal-tar; Illuminating power, com- 
piired with that of olefient gas, as 2 to 1. 

Propylene, — C-j-IF; sp. gr. 1.45II ; a gaseous hydro-carbon 
ilcrivod from the distillalion of eoal-tar; illuminating power, com- 
pared with that of olefient gas, as 1.6 to 1. 

Napthaline Vapor, — G'"'-\-l\', the vapor of solidified olefient 

Turpentine Vapor, — C" -|- IP. 



Hosted by Google 



SECTION m. 

PRACTICAL AIHTIIMETIO. 



VULGAR FEAOTIONS. 

A fraction is one or more parts of a Unit. 

A vulgar fraction consisla of two terms, one written above ilic 
utlier, witii a line drawn between tiiem. 

Tlie term below the line is called the derunninaior, as showing llie 
denomination of tlie fraction, or number of parls into wbicli tlio imii 
is broken. 

The lerra above the line is called the n 
parts employed. These toget 

A vulgar fraction always denotes division, of wiiieli the deiioiiiina- 
lor ia the diaisor and the numerator the dieiiknd. lis value as a vnit 
is the quotient arising therefrom. 

A simple fraclion is either a proper or improper fraction. 

A proper fraction is one whose numerator is leas llian its denomina- 
^'' as h h ih &o. 

An improper frarJion has its numerator equal to or greater than its 
ileiiominalor, as J, §, f|, &e. 

A mixed fraction is a compound of a whole numbor and a frac'icin, 
as I|, sy., 13^, Slc. 

A compound fraction is a fraction of a fr;iOlion, as i of | ; 3 i^l" 
I of ff , &c. 

A complex fracliOK has a fraction for its numerator or denom- 

inalor, or both, as |, J, |, |, &c., and is read J -H 3 ; 4 ^- f ; 

REDUCTION OF VULGAR FEACTIONS, 
To reduce a fraction to iU lowest lams. 
This consists in concentrating the expression without ehanyini); ihi' 
value of the fraction or the relation of its parts. 

It supposes division, and, consequently, by a measure or >ric»sim's 
common to hoth terms. 

It is said to be accomplished when no number greater Ihaii I will 
divide both terms williout a remainder : — therefore. 
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!)6 

liui-E. — Divide boili terms by any number that will divide tliom 
i\illic)ut a remainder, aiid I lie quotient again as befure ; coiitiiiiiB sn to 
<lo until no number greater than 1 will divide tliem,^ or divide by 
the greatest common measure at once. 

EsiMPLK. — Reduce t^W "-o i'^ iowesl terms. 

«)lW«I-W|-i-2-iH-i-9-JSH-3-f te. 

To reduce an improper fraction to a milled or tvliok numier. 

JtuLB. — Divide the numerator by the denominator and to llie 

whole number in the quotient annex the remainder, if any, in form of 

a ^'action, making- the divisor the denominaliir as before; then reduce 

ihe, fraction to ils lowest terms. 

ExAMPLB. f=li; i^=lA = U; 11 = 3- 
7b reduce a mixed Jraetion to an equivalent improper fraction . 

Rule, — Multiply the whole number by Ihe denominator of the 
fractional part, and to the product add the numerator, and place llieir 
sum over the said denominator. 

Example. — Reduce 3|- and 13| to improper fractions, 
3X4 = 124.-I = -^. Ans. 13X0 + 8=42. Ans. 

To reduce a lohoh numher 

Rule. — Multiply tlie whole number by the given denominator, 
and place the s;iiii denominator nnder the product. 

Example, — How may 8 be converted into a fraclion whose de- 
nominator is IS? 

8 X 12 = $f . Ana. 

To reduce a compound fraction to a simple one. 

Rule. — Multiply all the numerators together for a numerator, and 

all the denominators together for a denominator ; the fraclion liius 

formed will he an equivalent, but oJten not in ils lowest tenns. Or, 

ntrate the expression, when practicable, hy reciprocally expung- 

r writing out, such Actors aa exist or are attainable common tu 

erme, smd then multiply the remaining lenns as directed above. 

. orcancellinelhalemia, ll crniaisU, 
lingciiii, Qinu] VHluea rnmi biiih iKo™, 
elulioniiC the ii^ns kejit umlixturbeil ; 

any miiUiplii'atian, as finnl, 1b reaortail ta; am) nrien, Iherefora, to thsexltuil Ihal 
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VULQAH JB ACTIONS. 

ExAMPLi;. — ItLJiieo ^ ol J of i lu a sijnple fiacUon. 
Operation hy (auUiplication, 4X fX't^^=f- -Ajis, 

S3 1 

Oiwration by can'-elhtion, 5-7-5 ^^ i- -i«*' 

Example. — Reducu § of J of J^ of.| of tf of 2 lo a sj 
<^a(^tilln. 

By multiplication, § X J X -'^^ X | X | X ! = |S?3 =■ ^ 
The last example stilted ) S 3 12 G 5 2 
for cancellation, (34 8 89 



1. 'riieSinnuin, eqiialaau!31ni1enoin., thereroreanseboth, 

2, TI18 flrat a In mim, spialH or measures tha 4 in ilenom. Imiee, slieteluto irtmo n 2 
lulgr ibe 4, Rni) orass (tie 4 aiul 3 which mgasured it — (as 4 : a : : 2 : 1,) 

9. ThsS(rsini>liiliig;rnci'irur4and3oiiua[l) in ilenum., imdlbe lemaiDing 2 in iinni., 
fill tancA ssch other, ~ erntt IheiR. 

4. TliBia and Bin tiuni. = 72, anri ihe9lliuia in dBnoiii. = 73; Ihose, tli«o(m, in 
lieit relationa BS fiKlora equal each oOier, Rnd nuy he EtiaeJ. 

Tha remaining factors renresaiil Iha irue value <rf Ibo componnd fraolion, and lull ha 
>und = t, 09 !>/ niuliipliuailon. 

Example. — Reduce || of /^ to a simple fraction. 
3 
3 

ii^l' o,/-^-^(='8-^G.'^dl3-4-6) = gX,'-3 
13 XlS '13 X U =|i. dn.. 



JIi jwijuiw tao oT morefracimis to a com 
RuiE. — Multiply eacli numeralor by all the decom.lnatora except 
owQ, for the new numerators; and multiply all the denomina- 
■8 togetlicr, for a common denominalor. 

loTB.— Whole nnmbera and fractionB other than simple, mnet flret be ra- 
;efl to aimpla fVacUonB hotore tbey can be toduwd to ftactlona having a 



Example. — Reduce f and f to fmctions liaving a common de- 
nominator. 

i + f = A and -h; that is, g = ^^ = ^, and ^ = j^ -^; and 
1^ and 1^ are fractions having a common denominator. 

Example.— Reduce i, f , 3, and hf- to fracUons having a common 
dciiomiuator: 

4+(+i+ V = ii«, m, m, v*¥ = 1%, T%, m, m = -5, -e, 

.870, 4}. 
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98 VULGAR FKACTIOWS. 

'i'u I educe a complex fraclion lo a simple one. 
\{\!i.K — Miiliiiily the numerator of Uio upper fractiim by tlie 
deneminator of tlia lower, for the new numerator ; and the denomi- 
nator of iho upper by the numeriitor of the lower for ihe new denoin- 

I 4 i 5I 

ExAMPLKS, — Reduce ^, -, ^, and — each to a simple fraction. 

l-i-i = ii i--i-l-¥; l + 3=SX»,-t,-|; 5i- 
V, "J ¥ X i - V. - i8> Jl"- 

To reduce Vulgar Fractions to eqvivaleiil Decimals, 



3™i.lSG-)-. Ans. 

To jind Ihe greatest common measure of tiro or more gieen numbers. 

Rule, — Divide the given numbers by any measure common 
to them all, and set tire quotients in a lino beneath ; IIicd divide 
tlie quotients by any measure common to tliom, and set the quo- 
tients beneath ; and so on until the quotients are no longer com- 
mon multiples of any one number greater than unity ; Ihe product 
of all the divisors or common measures employed will be the 
great^t common measure. 

Example. — What ia the greatest common measure of 84 and 
se? Alsoof 32, 24, andlG? Also of 182, 104, and 52 ? 
4)84-36 8)32.24.16 2)182.104.52 

3)21 . 9 4.3. 2.-8. Ans. 13) 81.52.26 

V.3_4XS=;12. Ans. 7 . 4 . 2.=2G. Ans. 

NWTE. — When any naniber in the series le prime to either of tJio othcra, tlio 
nnmbers ore oollecUvoly fneomiikoiisura&lo; tbal is to say, llieir greatest corn- 
To Jind Oie least common mvUtple of two or more gioen numbers. 

Rule. — Divide all the given numbers that arc commensurable 
■with each other by any measure that is common to them, and sot 
tjio nooiJenta, together with the undivided numbers, if any, in a 
liuc bcDcath ; then divide the quantities in the second line as be- 
fore, and BO on until no two quantities in the la«t line are common 
multiples of any number greater than unity, or 1 ; the product of 
all thp common measures employed into the product of all tliu 
numbers in the last line will be the least common multiple of 
the given numbers. 
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VULGAR FK ACTIONS. 

ExAMPLK, — WliLVt is llie kast coivimoa iimltijilu of 2 

AIeo of 182, 104, ami ii ? Alao of 24, 14, 12, and 7 ? 

0)27.^ 2 ) lSa.l04.S2 

S'. 4 = 4X3X9 — 108. Am. 13 > SI . 62.26 

2) T ■ 4 . 2 



7)24. 


14 


.12.7 


2)24 


. 2 


.12.1 


6) 13 . 1 . fl 



ADDITION or VCLGAR FEACTIONS. 

Sum -jf the iJinlucW of OMli oHiiioraWi wllh all Uio flenominatmj mc( 
tiuKiemloT liivolrei!, lorms iiiiiiieraKir oC earn. 
I'ruiliKt of all Die itsnomliiuUirs fiirms clBiuHtilnuln of auin. 

RuLK. — Ammge tlie several fractions to be added. 
Hiiotlier, in a, line from led to right ; tlien multiply the ni 
the first by the denominalor of the second, and the denominator of the 
tzrst by the numerator of. the second, and add the two products 
li>gelher for the numerator of (he sura ; then multiply the two denom- 
Itiiitorstogothot for its denominator ; bringdown the next fraction, and 
[jroceed in like manner as b«li)re, coutinning so lo do until all tlie 
fr<u;tions h»ve been brought down and sdd^. Or, reduce all to a 
common deiiovninator, then add the numerators togellier for the 
numerator of the sum, and write the common denominator beneath. 



KxAWPLKs. — Add tiigelhor J, |, |, and J-. 

^ = J + | = ^ = e,and§ + | = |=?|,andi|+^| = 
= -^ =■ 3^. Aas. 

SUHTRACTION OF VULGAR FRACTIONS. 



I'nvliiclof nunnniltir t^ gubUahend aai Jenoinlnitoi 
sitlilrahend, Btt cominon denominuor, 

nilTersnce ofnewlbinidnunienilDra Kirinslha nunien 
A iiiiaaUK, dT ths iimelence, oi remainder aoughl. 



Rule. — Write the subtrahend to the right of the minuend, with 
ihe sign ( — ) between them; then multiply the numerator of llie 
iiMiiueiid by the denominator of the subtrahend, ani) the denomtnutor of 
llie minuend bv tlie numerator of the miblrahend ; subtract Ihe latter 
l.riidiir't from the former, aiid to the remainder or difference affix the 
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Examples. — Subtract ^ from |, also % from ^J. 

DIVISION OF VULGAR FRACTIONS. 

Piuiliicl uf iiuniemlors of dividenJ and dcnoinlnalors of divisor, f^jniis Huiiioc^Lor ol 

""pnuiuct nrdenominalun ofdivldend aiiJ numeration of diiisor, furiiia denoininalor of 

Rule. — Write the divisor to the right of the dividend with llio 
sign {-i-) between them; then multi[ilythe Qumeralor of the dividend 
by the denominator of the divisor, for the numerator of the quotient, 



n of fractions. Or, proceed by cancellation, 
H'lieii practicable. 

ExiMPLEs. - — Divide J by ^ ; f by ^ ; ^ by |^ ; and | of | of 
lofjby^of lof |of|. 

ind T? "=" "A = f 3 = "^3* ^ ^§- -^"^■ 



lie li>ragr>ing oxamplo can he cancelled lo llio e~tenl of l^arins 
I niulliiilied b; 1 is nol increased. 

MOLTIFLlCATIOiM OF VULGAR FE ACTIONS. 



Rule. — Multiply the numerators together for a niimoralor, and the 
denominators together for the denominator. 

Examples. — Multiply ^ by J ; ^ by 7 ; -l-s by 4^ ; J of § of ^ 
hy ^ of i of |. 

^x|-Mx^r = V; 4iX-s^ = w=Vi^x ix'i 

= -/j = i and J X i X I - A = i and ^ X .1 = tV --l'"' 
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VULGAR F&ACTIOHS. 






Ift 



lolliplied into each other, foi a product, by 
multiplying all the niimeratota of both together for a nuraerattir, and 
all the denominators of both together for a denominator ; and that the 
product will be the same as would be obtained, if the compound were 
first converteil into an equivalent simple fraction, and the simple frac- 
lions into a product or factor, and these multiplied together for a 
product. 

Il has also been seen that a fraction is divided by a fraction by mul- 
tiplying -the numerator of the dividend by the denominator of the 
divisor, for the numerator of the quotient, and the denominator of the 
dividend by the numerator of the divisor, for the denominator of the 
quotient; and that this multiplication becomea direct as in multiply- 
ing for a product, if the divisor is inverted. And it is clear that a 
compound divisor, or a, series of simple divisors, or both, may be used 
instead of their simple equivalent, and with the same result, if all are 
inverted. 

It is therefore evident that any proposition, or problem, in fractions, 
consisting of multiplications and divisions both, and these only, no 
matter how extensive and numerous, oi whether in compound frac- 
tions, or simple, or both, may be solved, and the true result obtained, 
as a product, by simply multiplying all the numerators in the stato- 
tnuJit together for a numerator, and all the denominators in the state- 
ment for a denominator, all the divisors in the stalement being 
inverted , that is, all the numerators of the divisors being made denoin- 
inalors m the statement, and ail the denominators of the divisor being 
made numerators in the statement. And it is further evident that a 
proposition stated in this way, admits of easy cancellation as far aa 
eancellalioo is practicable, which is ofien {b great extent. 

EitAMPLK. — It is required to divide ISby | of S ; tomuldply llm 
quotient by the product of 4 and 8 ; to divide that product by J- of ^ 
of 8 , lo multiply the quotient by j of f of -j^ ; and to divide tlia- 
product by the product of S and 9. 
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VULGAR FHACTIOSS, 

(blviJorala ttad fram tijlil lo loft, divisors from left to tiehl.) 
Numoraiora of dtiMeinls am! .lennminoiora of Jivisors. 

i i i i i % 



I'lie answiT to l!io above propoailion is l^^, anil l}ie projiositiini 
as atliWMl may be readily cancelled to lis lowest terms. It may be 
(^;iiicelletl to llie extent of leaving but 4, i, 2 in the numerator, and 7, 
3, in tlie denominator, *-^s-^ = i¥ ^ ^ih 

To reduce a fraction in a kiglier denomination id an egvivalcnt fraction 
in a giofn Unoer denomination. 

RiiLK. — Multiply llie fraction to be reduced — numerators into 
mimerator and denominators into denominator — by a fraction' wbose 
iiiimeralor represents the number of parts of the lower denomination, 
ri^iiiircd to ina.t(a onb of the denomination to be reduced. 

Example. — Rorluee S of a foot to an eqnivaJent fraction in indies. 



I X Y- = V -^ I = V^ = ¥■ ^''^■ 

Or, ^ X -^ X ^ = ^ = ^. Am. 

To reduce a fraction in a ioioer denomination lo an eqiiillolenl frmlion 
in a given higher dmtonanation. 
Rule. — Multiply the fraction to be reduced — numerator into 
denominator and denominator into numerator — by a fraction wlios* 
numerator represenls the number of parts required of the lott-e( 
denomination to make 1 of the higher. 

Example. — Reduce '^'- incbes to on equivalent fraction in feet. 
y-^^-H^h ^«^- Or, -V X iV = fi = 5- ^■'''■ 
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TULQAH PBACTIONB. lO-J 

EsAMPLE. — Reduce ^ two third ounces to an eiiuivalerl frac- 
tion ill pounds. 

^Xl = ^-^^^^^ = n = k- Ans. 

Or, *a'i X I X i'g = Is = h ^''«- 

To reduce a /radian in a higlter to tvhok numbers in lower dmomi 

nations. 

Rule. — Multiply the numerator of the given fraction by the num- 
ber of parts of the next lower denomination that make one of the 
given fraction, and divide the product iiy the denominator. Multiply 
the numerator of the fractional part of the quotient thus oblaiiied by 
the number of parls in the next lower denomination that make 1 of 
the denomination of tlie quotient, and divide by ila denominator fur 
whole numbers aa before ; so proceed until the whole numbers in eacli 
denomination desired are obtained. 

Example. — How many hours, minulca, and seconds, in ^ of a 

Example. — How many minutes in ^ of a dayl 

^X SI X60'^9^=„eg5^. ^„j. 

To re Jure fractions, or lohule nvmbers andfraclioni, in lower denomi- 

naliaTts, to thdr vabie in a liigli^ denomination. 

Rule. — Reduce the mixed nunibers U> improper fractions, lind 

their common denominator, and change each whole number and 



to their values ii 

denomination thereto, and lake their sum for a numerator. Multiply 
tlie common denominator by the number required of the lowest denom- 
ination to make one of the next higher, that product hj tlie number 
required of that denomination to make 1 of the next higher, and so 
on, until the highest denomination desired is readied, and take the 
product for a denominator, and reduce to lovrest terms. 

Example. — Reduce 5| oz,, 3^ dwls., 2j grs., troy, to lbs, 

JjjB. . ^ . ^= XB.ii-^^^ii ; therefore, 
160 X 20 = 3300 
90 

3390 X 31 = 79104 



30 X 31 X SO X 12 = ns800 I 
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DECUiAL FHACTIONB. 

s. — Reduce II hours, 59 minules, 00 seconds, to llio frao- 

11XGO = 6CO 
59 

710 X 00 = 43H0 
60 

43900 I , . 

00 X CO X 24 = 86400 > 

K. — Reilucc 15 h., 25 m., 43^ sec, lo the fraclUm nt a 

15 X 00X00 = 54000 

25XB0== ISOO 

42f 

55542t 



Tu iKori fractions, or whole numbers and fmriions, hij tlie Buh of 
Three, or Proportion. 

Rule. — Reduee the niised terms tn simple fractions, state tlia 
question aa in whole numbera, invert the divisiir, and mulliply and 
divide as in whole numbera. 

ExAMPt-E. — If 3i yarda of cassimere cost »4^, what will | of a 
yard coal 1 3 J = f ; 4i - V" i '"len. 



DRCIMAL FRACTIONS. 
A decimal fraclion ia written with its numerator only, lis denonii- 
nalor is understood. It occupiea one or more places of figures, and 
iias a point or dot (.) prefixed or placed before it. The dot (.) alone 
distingnishes it from an integer or whole number. It supposes a 
denominator wlioae value is a unit broken into parts, having a ten- 
fold rela^on to the number of places tlie numerator occupies. The 
dc[iominator, therefore, of Euiy decimal ia alwap a unit (1) with as 
many ciphers aimexed aa Uie numerator has places of figurea. Thus, 
tlie denominator of .1, .3, .3, &o., is 10, and the fractions are read, 
one tenlh, Im tetUhs, three tai/kii, &c. The denominator of .01, .11, 
.19, &c., is 100, and these are read, ime hun/lrctl/i, elti-en hvnilredlhs, 



Hosted by Google 



FRACTIONS. 



.7535, for example, is 

A decimal is converted into a vulgar fraction of 



105 

Uodiie hundredths, &c. The denominator of .001, .101, .1J5, &c„ la 
l(H)0,and \keseasetssAone thousttndih.one hundred and one tliousandlhs, 
arte hundred and laeniy-fiue ilmusandlln, &c. The denominator of u 
deciinal occupying four places of figures aa .7S36 is lOOOO, and so on 
cniitinually. 

Tlie first figure on the risht of the decimal point is in the place of 
Irnlhs, the second in the place of tenths o( tenths, or kandredlhs, ihe 
ihird in the place a{ tenths of tenl/u o{ tenths, ox thousandths, Sif,. 
'I'liiis ihe value of a decimal occupying- four places of fixtures, as 

^ lOOOO' ™ 1000' 100 ' "^ 10 "■" 100 

i + i. 

1 ^ 100 
cijiial value, by affixing its denominator. 

Ciphers placed on the tight of decimals do not change their value, 
Tims, .1850 » .185, plainly for the reason that the denominator of 
ihe latter bears the same relation to that of the former that 185 bears 
1O1850; from buth terms of ihe fraction a ten fold has been dropped. 

Ciphers placed on the left of decimals decrease their value ten fold 
for every cipher so placed. Thus, .1 =■ ^, .01 = ^i,j, .001 = 

A mixed ntanbcr is a whole number and a decimal. Thus, 4. 85 is 
.1 mixed number. Its value is 4 units, or ones, and y^^^ of 1, = 
\%^ ^ 4^. The number on the left of the separatrix is always a 
whole number — that on its right, always a decimal. 

ADDITION OF DECIMALS, . 
liiiLE. — Set the numbers directly under each other according t.) 
Iheir values, whole numbers under whole numbers, and deeimals un- 
der decimals ; add as in whole numbers, and point off as many places 
liir decimals in the sum as ihorc are figures in that decimal occupying 
ihc greatest number of places. 

Examples. — Add together. 125, .34, .1, .8679. Also, 135,34.11, 
,aS5. 1.432S. 

,135 125. 

.34 1 34.11 

.1 .235 

,8073 1.43S3 

1.4392 Am. I iC0?7772 Ans. 

SUETRACTinN OF DKCTM.^I.S. 
Rule. — Set the niinihcrs, Ihe less under Ihe greater, and in other 
reapects as directed for addition ; siililracl as in whole numtiiirs, and 
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DECIMAL FKACTIOKB. 

iiy plaeca fur decimals in the remainder 33 the declliiai 
ilcsl number of ligiirca (lecupies places. 

-Subtract .9053 from ,8, Also, 11.5 from 238.134. 
I 238. IM 

n-5 
Ans. 1 22(1.634 Ans. 



MULTIPLICATION OF 1 

Role. ~— Multiply as in wlioie numbers, and point off st 

places for decimals in tlie priiducl as tliere aire doeimal placea 

multiplicand and miiltlplieT biilli. If the product lias not sc 

places, prefix ciphers to supply the deficienp.y. 

Examples. — Multiply 14,135 by 3.4. Also, 5.M by .007. 

14,1S5 



in tlie 



.035'J8 Ans 



3-4 

66500 
42375 
48.0S50 = 48.035. 

— Multiplying by s decimal ia «)i»valent tn dlviJinff h; a nihnle number thai 
9 saino roldliuii ui a uktt {hdt a unil beanlnaileciinii. MulLlplying^by aileci- 
ireiMB, Is eqiiivulent Co illvldlng by Lha denoinlnaUir of a fracllon of «nual value 
uiiisrattK' ia I or oTillfidlngiby tho ilencimliiaiDr praTraMlnn of equal valuo whoss 
Jic la more lluin 1, bihI iiui]d(>l;ing Ihe qumisnt hy Iho nunwntnr, TbiiB. the 

._, I,™. . ._.,jy5^ so^ also, I4.S3><^.S76 = 12.45125, and 14.83 -1-8 r- 

DI VISION OF 

ItuLE. — Write the numbers as for division of wlndc numbers, (hen 
relnuve the sejiaratrlx in the dividend as many places of figures to tlie 
right, (siipplymg the places with ciphers if they are not occupied,) as 
there are decimal figures in the divisor; consider the divisor a whole 
number and divide as in division of whole numbers. 
Example. — Divide .5 hy .17. Also, .139 hy 4. 

.17).50{2.0'1-J-. Ans. 4).13!)(.039-f . Ana. 



la.toiis. 
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imCIMAL V 


RACTH>N«, 


^MPLKS. — Divide 16.5 by 1.232. Afei, I. -JUS by FJ,23l 


)10,500, (13.39384-, Alls. 


12.a31,)l.214,50(.09929-1-) 


(233 


1 100 79 .001)3— ( 


4180 


113 710 


3698 


110 079 






4840 


3 6310 


3696 


3 4462 


11440 


1 18480 


11088 


1 10079 






3530 


6401 


2464 




1050O 




9850 




704 





(h aiulmlml lo inulliplylng by Lbo dMioininuWH' uf a fracll.ni .if apiul 
iiiHimor la l.^rmuLLluIyliis by Ihe dsnomlnabir of Brnciiim cif aiuiil 
iiusnunrte mnra uiHnl.andldiviiJingihB pniducthir tbB nunisrainr, lil- 
aiim <a oiulvnlant la imiltlpljiag by tU. (bnomliHUir ani) itlriJiiii! Ihs 
mimenilur, or diTMIng by JuniittJenilariinil'niulliplyiiig ihequiilieiil ti; 
t. Thu9,,6=.j^=i,Bjid.TB=a.^», = |. And ia.M -^ 9 = M 4 1, 
= 21.48. So, alaa. K.M ^i- .75 =3 18, M, and 13.24 X ■• = <*'■* -—3 = 



REDUCTION OF DECIMALS. 



Tu raluce a decimal h 



RijLB. — Miilliply lite JcF.inuil by that number in the next liiwer 
ilenimii nation that equals onk iif tlie denomination of tlie decimal, and 
poiiil off as many plaices fur a remainder as the decimal so multiplied 
has ptaoes. Miiliiply tlie remainder by tlie nnmber in iho next lower 
denominalion (linl equals I of the denomination of the remainder, and 
point off as before ; so miitiiitic, until the reduction is carrinl lo tliB 
lowest denowiiiiation required. 

KxAMPLB. — What is the value of .02525 of a dollar? 
.62325 
100 
Cents, 02,53500 

10 

Mills, 5,35000 ^11. . GS cents Sj mills. 
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DECIMAL PttACTlONS. 
-WliMisihe value of .40395 ol 
.40395 



Ciilluna, 14.82400 

4 

Quarts, 3.39G 



Oilla, 2.368. Ans. 14 gals. 3 qte. 2^^^ gilU. 
K.XAMPi.E. — How many pence in-.875 of a pound? 
.875X240=210. Ans. 

To ralTice decimals, or whole numlers and dedmala, in lotver denoinili- 
ations, to t!mr vahie in a Ugher denomination. 
RuLG. — Reduce all ihe given denominations to their value in the 
liiwest denomination, then divide their sum by the number required of 
tlie lowest denuminatiun to make one of the denomination to which 
tlie whole is to he reduced. 

Example. — Reduce 14 gallons, 3 quarts, 2.308 gills, to the deci- 
mal of a barrel. 

14 X 4 = 50 -|- 3 = 59 X S= 473 + 2.303 = 474.368. 
8 X 4 X 32 = 1024 ) 474.369 ( .40325. Am. 

To work Jeiimats, or whole nuwbsrs and decimals, by the Rule of 
Three, or Proportion. 
Rule. — State the question and work it as in whole numbers, 
taking care to point off as many places for decimals in the product to 
he used as the dividend, as there are decimals in the two terms which 
form il, and U> remove the decimal point therein as many places to tlic 
riglit as there are decimals in tlie term (o bo used as a divisor, before 
ilie division is had. 

ExAUPLG. — If .75 of a pound of copper is worth .31 of a dollar 
how much is 3.75 lbs. worth* 

,75 : .31 :: 3.75 

_.31 

375 

1125 

.75) 1.16,25 ($1,55. Ans. 
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riioroRTioK. 109 

PROPORTION, Ofi RULE OF THREE. 

T[]E lluLK OF Pboporteoh invoh'es the employment of three terms 
— a divisor and two feictors for forming a dividend — and seeks a 
quotient, which, when the proposition ia written in ratio, bears the 
same relation to the third term that llie second terra bears to the first. 
' Two of the terms given are of like name or nature, and the other is 
of tlie name or nature of the quotient or answer sfiught. That of 
the nature of the answer is always one of the factors for forming .the 
dividend, and, if the answer is to be greater than that term, the larger 
of the remaining two is the other ; hut if the answer is to be less 
ilian that term, the less of the remaining two is llie other — the 
ruinaining term is the divisor. 

K:(AMPLB. — If $13 buy 1 yards of clolh, how many yards wilt 



it 


108 

— = 3G 


yaids. A« 






3 










~ If .1 yards . 


of cloth CO 


St $ia, how 


many dollars 


iWill 


I3X3G 


= 108 dollars. Am. 






— If 30 men c 

ill be required 

30 X 13 


:M finish a 
to finish it 


piees of work in 13 days, 
in 8 days? 


,how 



Example. — If 45 men. require 8 days tolinish a piece of work, 
how many men will finish the same work in 13 days? 

Example. — If 8 days are required by 45 men lo finish a piece 
of work, how many days will he required by 30 men to finish the 

8X45 



30 



= 13 days. Am. 
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110 OOHFOUm) PROroRTION. 

tliui the inlcrcst, at the same rale per cent., mny amour t U> that uliicb 
Ills own wiiiilil have drawn? 

150 X 3 T- 300 = 3^ months, Ans. 

lIxAMi'LK, — A garrison of 350 men is provided witli provisiona Tor 
SO Jays', how many men muet be sent out tlint the provisions nmy la.'il 
iliose romiining 43 days ! 

350 X 30 -^ 4-2 = 179, and 950 — 179 = 71. Ans. 

l'b(AMri.i{. — If \fi the short arm of a levet 3 inclies from tlie ful- 
crum there be suspended a weight of 100 lbs., what power on thu 
toiig arm of the lever 20 inches from the fulcrum will be rei^uired tn 

30 :3 :: I00= lOlbs. Am. 

l'"xAMPLE. — At what distance from the fulcrom on the long arm uf 

ii lever moal I place a pound weight, to equipoise or weigh 20 lbs. 

suspended 3 inches from the fulcrum at the other end? 

1 : 3 ::30 : 40 inches. Ans. 

NuTH. — Hwu eramLns ths rnregolns wHIj rofwBnce Id Uie fuet, «b shatl aee (hnl avcry 
pceijnailton hi simple piopgrUDn CDiulsuor sMrnianila Aoj/'r or, in oUier wDnlB, nf a 
cam/vnmd tarn coiulstliig oT Iwa fiielan, an>l a fmlat Ibr which Bnathar Actor is snuiht 
iIhL UiSBlhsr HhaQeqiiBl llie coinpouDi]. Wo bavaQnlTtt) mullliily the faclon ofllie 
ciimpouiid toEBilior — urn! Rlllllo ousorratloii wtU aiiab1« na to disilngnlBh It — hivI diviiJs 
by ihe reninliiliig (actur, aiul ibe liurfe Is accompliabeil. S« Cohfdohd PnoraitTiON. 



COMPOUND PROPORTION, OU DOUBLE RULE OF THREE. 

Compound Pbopobtioh, like single proportion, consists of thiile 
terms given by which to find a fourth — a divisor and two factors for 
forming a dividend — bat unlike single proportion, one or more of ihe 
li;rnis is a componnd, or consists of two or more Victors ; and some- 
limes a portion of the fourth term is given, which, however, is always 
a p:irt of the divisor. 

Of ihe given terms, two are suppositlve, dissimilar in their natures, 
anil relate to each other, and to each iilher only ; and upon their rela- 
ii<in the whole is made to depend; (he remaining term ieof Uie nature 
iif line of the former, and relates to the fourth term, which is of llio 
liiidire iif the other. 

The object sought is a number, which, multiplied into the factor or 
iMciors of Ihe fourth term given, if any, and if not, which of itself, 
lieiirs the same proportion to the dissimilar term to which it relates, 
as ilie auppialtive terra of like nature bears to the term to which it 
rehitcs. 

Rule. — Observe the denomination in which the demand is made, 
.inil of the suppositive terms make that of like nature the second, uiid 
ilip ether the first ; make the remaining term the third icnn ; and, il' 
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PBorORTION, 111 

iliere are any fuctors porUiiiing Ui tlie fourili levm, affis llieiii lo the 
first ; mulliply tlio second and third tonus logelher and divide by tlie 
first, and the quotient is the answer, term, or portion of a tonn. 
sought. 

Example.— If 13 horses in G days conanme 30 bushels of oala 
huw many bushels will suffice 21 horses 7 days ' 
12X6 : 36 "31 X ' ;^- 

3 

30X21 X 7 147 „, , , , ^ 

-^^-0- = -5- = '3i bndiels. An. 

2 
ExaiupLk. — If 12 horses in 6 days conaunie 3fi bushels of oats, 
how many horses will conaunie 73i bushels in 7 days * 
30 : 13 X 6 :: 73i : 7 X *■ 
12 X e X 73i _ 
30 X 7 " 
ExAsrPLE. — If the interest on SI is 1.1 els. fii 
interest at 7 per cent.,) what will be the interest o 

73 : 1.4 :: 150.42 x no '• ^■ 
1.4 X 150.43 X H6 _ 
73 

E.VAMPLB. — If the interest on $1 is 1.3 els. for 73 days, (exact 
interest at per cent.,) wliatwiU be tlie interest on $135 for 00 

73 : 1.3 :: 125X 90 :« = il.85- Am. 
E.IAJIPLE. ~ If $100 at 7 per cent. Hsi" *l-'5 in 3 months, how 
much at 6 per cent, will $170 gain in 1 14 monthsl 

100 X 7 X 3 : 1.75 :: 170 X 6 X H-S : *■ 

1.75 X 1™ X 6 X 11-5 H- 100 X ■? X 3 = »9.77,5. Ans. 

Example. — By working 10 hours a day men laid 32 rods of wall 

in 3 days ; how many men at thai rate, who work but 9 hours a clay, 

will lay 40 rods of wall in 8 daysl 

23 :cx 3X 10 ::40 :sx 3 X^- 

0X3X10X40-^33X3X8 = ■l^'V. Ans. 

Example. — If it costs $113 to keep tO horses 30 days, and it 

costs as much to keep 2 horses as it costs to keep 5 oxen, how mucli 

will it cost to keep 38 oxen 3(i days ? 



= SI horses. Am 



= $4 31. Ans. 
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CONJOINED raorotiTioN, ok chain role. 







iG X 30 : 


: n3::f X 


38 


X 


2G 


: a-. 


Oj 


r,— 


1(1 X 30 


X 5 ; 113 ; : 


•2H 


X 


3(i 


X y : 


7 




13 












JIS 


38 


m a 


38 X 13 X 


7 


__ 




H 


•0 
IP 


5 


5 X 5 











ExAMPLK. — If 31 men, in 8 days of 10 hours eauii, can diy a 
trench S50 feet lung, 8 feet wide, and 4 feet deep, how many inoii, in 
12 days of eight liciura nach, will he required to dig a trench 80 foel 
long, 6 feet wide, and 4 feet deep? 

350X8X4 : 31 X8X 10 :: 80X6X4 : 13X8X*=5—- ■i"'- 
Example. —If 120 men in six months perfonn a given task, work- 
ing 10 hours a day, liow many men will bo required to accomplish a 
like task in S months, working 9 hours a dayt 

120 X 6 X 10 = 5 X S X ^. 

Or, — 1 : 120 X 6 X 10 :: 1 : 5 X X J;. = 100. Ans. 

Example. — The weight of a bar of wrought iron, 1 foot in longtii, 

1 inch in breadth, and I inch thick, being 3.38 lbs., (and it is so,l 

what will be the weight of that bar whose length is 13i feet, bresdih 

3j iiiches, and thickness | of an inch? 

1 : 3.38 :: 13.5 X 3.25 X .75 : .1. 
Or, — 1 : 3.38 :: ^^ X -V- X ^ : ar, and 
3.38 X g5 X 13 X 3 
8X4 

15xAMPi,E. — Theueight of a bar of wrought iron, one foot in Iciigih 
and 1 inch square, being 3.38 lbs., what length shall I cut from a bar 
whose breadth is 23 inches, and tliiokness i incji, in order to obtain 
10 lbs. ? 3.38 : 1 :: 10 : Y X i X ^. 

1 X 10 X 4 X 3 „.,,«., . 

:^ 2 leel lA inches. Ans, 

3.38 X n X 1 ^^ 



CONJOINED PROPORTION, OR CHAIN RULE. 
Thk Chain Rule is a process for determining the value of a given 
[[uantity in one denomination of value, in some other given denomi- 
nation of value ; or the immediate relationship which exists between 
IS of value, by means of a chain ofappro.vimate steps, 
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CONJOINED PKOPOKTION, OR CHAIN RULE. 113 

X equivalent values, known lo exist, wiiieh cotineci 
lliem. In every instance at least fine terms or values are employRii 
in tlie process, and in all instances llie number employed will be llii- 
ovcn. A proposition involving but three terms, of this nature, is a 
question in single proportion. The equivalent values employed are 
divided 'a\\Ki aniec6dei\ts and comequaits, or causes and ellecls ; and tlie 
v:ilue or quantity for which un equivalent is sought, is nailed ihe odd 

ltu^K. — 1. "When the value in llie datima'"iii'iti of the firsl imlcce- 
iknC is soushl of given qaa«tily in Ike deaontinalion of Clie last conse- 
quent. — ^Iull.ipIy ail (1)6 antccedenis and the odd term together for a 
dividend, and all the consequenls together for a divisor ; the quolieni 
will be the answer or equivalent sought. 

Rule. — 2. When the value in l/ie dmomiTUUian of the last coTtsequent 
■■ " " -.■.,. - - ^oftT^ . . . , . 



dend, and all the antecedents together for a divisor ; the quotient will 
be the answer required. 

ExdiiiPLE. — 1 am required to give the Take, in Federal mocoy, oi 
5 Canada shillings, and know no immediate connection or reladonship 
between the two currencies — that of Canada and that of the United 
Slates. The nearest that I do know is that 20 Canada shiliings have 
a value equal to 3S New York shillings, and that 12 New York shil- 
lings equal in value 9 New England shillings, and that 15 New Eng- 
land shillings equal $9.50; and with this knowledge will seek llie 
value, in federal money, of t!ie 5 Canada sliillinga. 
3.50 xaX32X5 _ 
15 X 13 X 20 



- = 81. Ans. 



EXAMPLE. — If f9i equal 15 New England shillings, and nine shil- 
lings in New England equal 19 shillings in New York, and 33 shil- 
lings ill New York equal 30 shillings in Canada, how many shillings 
in Canada will equal $1 ? 

15 It mi ,, , ,.„. 

Ji g-p = J/ = 5 slullings. Ans. 

3 t 

EXAMPLE. — If 14 bushels of wiieat weigli as mncli as 15 liushel.-. 
of line salt, and 10 bushels of fine salt as mochas 7 hiiahels of coarse, 
and 7 bushels of coarse salt as much as 4 bushels of eand, how many 
bushels of sand will weigh as much as 40 bushels of wheat! 
15 X 7 X 4 X 40 ^ 
H X lOX 7 



_= 17f bushels. 
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PEBCESTAOE. 



PERCENTAGE. 



Pure percentage, or percentage, is a rate by the hundred of a 
pwi of a quantity or number denominated tbe principal, or liasis. 
But percentage, considered as a meana, and as commonly applied, 
is mixed and related in an eminent degree ; and in this itght may 
be regarded as divided into orders bearing different names. 

Thus Interest is percentage related to intervals of time in the 

Dkcouni is percentage related to Interest, and intervals of time 
in the. future. 

Profit and Loss is comparative percentage, or pereent^e i^latwl 
to the positive and negative interests in business, etc., etc. 

Pure percentage is commonly called bieokerage when paid to 
a broker for services in hie line. 

It is called commission when paid to or received by a factor 
or commisMon merchant for buying or selling goods. 

It is called premium by an insurance company, when taken for 
insuring (gainst loss. 

It is called primage when it is a charge in addition to the 
freight of a vessel, etc. 

(Simparative percentage relates to the diflerencea of quantities, 
and is confined always to the idea of more or less. It implies rado 
Tins description of percentage, though much in practice, seems not 
to be well understood; and often a quantity is indirectly stated t« 
' -M less than nothing, or many times greater than it is. 
e of two quantities cannot be as great as a hundred 
per cenc of the greater, however widely unequal the quantities 
may be, nor as small as no per cent, of the greater or lesser, how- 
ever nearly equal they may be. No quantity or number can be as 
small as 1 time less than another quantity or number; and there- 
fore cannot be as small as 100 per cent. less. But, ^nce one quan- 
tity may be many by 1 time, or many times greater than another 
with which it is compared, it may be said to be many by 100 times, 
or many hundred per cent. ^ater. 

When one of two quantities in comparison is stated to be three 
times less, or three hundred per cent less, for instance, than the 
other, the expres^on is incorrect and absurd. The meaning evi' 
dcntly is, that it is two-thirds less, or only one-third as large as tbe 
other, — that it is 66| per cent less, or only 33J per cent, as larn;e 
as tiie other. In common comparison, 1 is the measuring unit. In 
percentage, 100 is the n 



be many tim. 
The diffeveni 
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Let a — principal. 
6 rz percentage. 

s =:. amount (sum of the principal and percentage). 
d =1 difference of the principal and percent^c. 
r i:^ rate of the percentage. 
p ^ rate per cent, of tUe pmientage. 
a — s—b--h-^r=100b-^p = WOs-^(^lOO-{-p), 
b=:s — a=^ai-=ap-^ 100, 
p = 100!-— lOOi -^a = 100(s — a) -^ o, 
r — ;> -^ 100 = B -^ a 1=1 (s — o) -5- a, 
s=:a + h = a(l-{-r)~a(100+p)-^100, 
d = a — b = 2a — s = s — 2b = a(l—r). 

To find the Percentage. 

What is i of 1 per cent of $200 ? 

h=.ar = ap-^10(i=L S0.50. Ana. 
fl of 2 per cent, of 50 is what part of DO ? 
50X8X2 „ 
7 X 100 — ^*- "*"'* 
What is f of f of ^ of 24 per cent, of 150 lbs. ? 
150 X 1 2-7-100^18 lbs. Ans. 
What is 2| per cent, of 1 S bushels 7 

^ X ^^j — 0.45125 bushels. AnS. 
Bought a job lot of mcrcibandise for S850, and sold it the same 
day, brokerage, 2J percent., for iD75; what was the net gain? 
t_sr — a = s — (.'r-}-a)=s(l — I-)— (1 — 975 — 975X -025 
— 850 — II0O.G25, ^fis. 

To find the Rate or Rale Per Cent. 

EXAMPLES. 

Wliat per cent, of $20 is $2 V 

r=:^b-^a,p=.100b-^a=10 percent. Ans. 
12 dozen is equal to what percent, of 2 dozen? 
12 T- 2 =; 6, GOO per cent. Ans. 
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116 PERCENTAGE. 

What part of 5^ lbs. is f of 2 lbs. ? 

r=s X V'r^ii-O-S?^. Ans. 
24| per cent, is what per cent, of 36J per cent. ? 

G6| percent. Ans. 
For an article that cost S4, $5 were received ; what per cent 
of $i was received ? 

p= 5 X 100-7-4 ::= 125 percent. Ans. 
A fanner sowed 4 bushels of wheat, which produced 48 bushels; 
what per cent, was the increase ? 48 is more than 4 by what per 
cent, of 4 ? The difference of 48 and 4 is what per cent, of 4 V 

___ a — !) _a _ 100(a — i) _ 48 — 4 _^g_.^ ^_ 

*"" b ~ b ' P— p — i 

100(48 — 4) -f- 4 =: 1 1 00 per cent A ns. 

What per cent, would have been the decrwse, if he had aowe^ 

48 bashels, and harvested only 4 bushels? 4 is less than 48 by 

what rate of 48 'I The difference of 48 and 4 is what per cent, of 



■.{a — h)-^a — \ = 0.91f, or 91g percent. Ans. 



Since water is composed of 8 atoms of oxyjren and I atom of 
hydrogen, what per cent, of it is oxygen V 8 is what p 



of the sura of 8 and I ? 
— a _ 6 _ lOOg _ 8 







or 88.89-per cent. A)'s. 


What per cent, of it i 


3 hydrogen? I 


I is what per cent, of the 


im of 8 and 1 ? 






a h 

-'-T+l = l^b 


lOOS 


11. U-|- percent. 'Ans. 



How many volumes of water must be adilcd fo 100 volumes of 
90 per cent, alcohol to reduce it to 50 per cent, alcohol or common 
proof V 90 is more than 50 by what por cent, of 50 ? The dilffr- 
■^nce of 90 and 50 is what [wr cent, of 50? 

„ - (?_-i)l^ ~ (» 0- 50)100 _ 
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PERCENTAOB, 117 

IIow many volumes of SO per cent, alooliol must be added lo 
[ 00 volumes'of 90 per cent, alcoliol to prodace 80 per cent, alcohol ? 
)0 is more than 80 by what per cent, of the difference of 80 and 
50 ? The difference of 30 and 80 Is ivhat per cent, of the differ- 
>nce of 80 and 50 ? 



_ (a — 6)100 __ (90 — 80) 100 _ 
"* h — b' ~ 80 — 00 ~ 



H- Am 



How many volumes of 90 per cent, alcohol must be added to 100 
volumes of 50 per cent, alcohol to raise it to 80 per cent, alcohol? 
50 is less tlian 80 by what per cent, of the difference of 90 and 80 ? 
The difference of 80 and 50 ia what per cent, of the difference of 
90 and 80? 

(6-y)100 _(80-50)lQO_ 

a~b "90^80"" -^'"'- ^'^■ 

If to 2 volumes of 96 per cent alcohol, 1 volume of 50 per cent. 
. alcohol be added, what per cent, alcohol will he the mixture? The 
sum of 50 and twice 35 ia what per cent, of the sum of 2 and 1 ? 



per cent Ans 



1ii + h_2 X O^ + SO ^ 
2 + 1 2-fl ~ 

In a barrel of applti, the number of sound oni.g waa GO per 
cent grcalc) than the numbei that were damaged What per 
cent, fe's was the nnmber that were damaged than the number 
that weie sound? CO per cent it what per cent of the som of 
100 per cent and GO ptr cent ? la what rate of 1 + 6 * 

-_ a _ 100 _ O.a _ 1 _ GO _ 

--V^Ta-' ~rra-T+ra-'-ra-l+-m—^'^''" 
37J percent Ans. 
Since the number of damaged apples was 37J percent, less than 
the number that were sound, what per cent greater was the num- 
ber that were sound than the number that were damaged V 
r— 8+(I— (i)— l-i-(l— a) — 1 = 60 per cent Ans. 

Since the number of sound ones was 60 per cent greater than 

the number that were damaged, what per cent of the whole were 

sound ? 

_ a-f aa ^ l + .a _A22+^^80 A 

r— 2^ — 2 ,P— 2 — percen. ns. 

What per cent of the whole were damaged 7 

(100 — GO) + 2 — 20 per cent Ans. 
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Since 20 per cent, of the apples were damaged, wliat per cent, 
IcBs was the number that were damaged than the numher that Wei's 



= 2 — (I-i-2.a)^2 — 2.a 



rr=— - = 1 7= -^-^ ^37i percent Ans. 

2.tt 2. a 2X-80 ^'■ 

Since the number of damaged ones was 37j per cent, leea than 
the number that were sound, what per cent, of iJie whole were 
sound? 



37i 


percent. Ans. 


that ■ 


were sound than 


. CO pei 


■ cent. Am, 



Since 80 per cent, of the whole were sound, what per cent, 
greater was the number that were sound than the number that 
were damaged ? 



Lost 20 per cent, of a car^ of coal by jettison, and 5 per eei 
of the remainder by screening, what per cent, of the coal w 
saved ? 
a — b'=d' I 

d" — b"> = d"',l 

Yesterday drevr 12 per cent, of my balance of S!,273 in tlio 
bank, and deposited il,000 ; and to-day have drawn 31^ per celit. 
of the balance left over, or as it stood last night. What per cent, of 
the sura of the first-mentioned balrtneo and deposit of yesterday 
have I drawn ? 

__6'4-S" _512-fl487^575^_„ 

a-\-m ~ 4273-1-1000 """" " "' "tF'"'^*'"' ""■ 
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PERCENTAOE, 
What per cent, of the said sum is remaining iii tlie batili ? 
_b -\-b"_a + m~h'-^h" _ <i + vi—(P'-\-b ") 



-' = 02.00-10- 
What per cent., prDilieating it upon the fxrst-mentloned baiant'e, 



a + « 



What per cent, have 1 drawn, predicating it upon what 1 i- 
jiavc in the bank! 
fc' -t-6" _ h' + b" _ 



r(a+vi-) + b'+b"~ia + m)=r(a+n>)-d" = 



To fmd tJie Principal or Basts. 

EXAMPLES. 

The percentage being 250, and the rate ,00, what is the 
prinei[K»l? 
a — i-^r=1006-^^:=250-^.OG = 25,000-i-G = 4,lCG|. Am. 

A tajcattherateofj of 1 per cent, on the valuation was $27.50. 
What was the valuation ? 

.=»-><ij><i?!.=$voo. A„. 

Sold 120 barrels of flour, whieh amounted to 12 per cent, of a 
certain consign nioiit. The consignment consisted of how many- 
barrels ? 

12I)H-0.12 = 1,000. Ans. 

216 bushels ia more by 8 per cent., or 8 pur cent. more, than wliat 
number of bushels ? 8 per cent, more than what number is equal 
to 21C? AVbat number, plus 8 per eont. of it, will make 21 GV 

a — sH- ('+'■) = 2164-1-08 = 200. Ans. 

200 lbs. is less by 8 per cent., or 8 per cent, less, tlian what num- 
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bci- of Iba. ? 8 per cent, less than what number is 200 ? Wlial 
nuiQbcr, minus 8 per cent, of it, is equal to 200 ? 

a =d-^ (1 — r) = 200-^ (I— .08) = 2I7^j. Ans. 
. • . 217,%— 217^ X-0& = 200 =a — b = d= a (1 —r). 



ouiii:cs. What weight of silver is required? 

o =^ s-j- (1 + r) = 22 -i- 1.2 = 18^ ounces. Ana. 
What iveiglit of copper ia required ? 

To a quantity of copper, & quantity of nickel equal to 62J per 
cent, of Hie copper, a quantity of zinc equal to 33^ per cent, of the 
copper, and a quantity of lead equal to 5 per cent, of the copper, 
are to bo added; and the whole ia to weigli 40| pounds. The 
weight of each constituent of the alloy is requii'ed. 

_ s 4Q i 

"- i-^r + ^ + rl> l-j-.C2^+.33i+.05 

^=20 lbs. of copper, "l 
6=20r=12Jlb3.ofnitkel, I 
il=2Qrl = G| lbs. of zinc, [ ^'"■ 
6" = 20W' = llb.oflead. J 



Uniaersal for any rale per cent. 
= time in months and decimal parts of a month ; (;^limcinda)'sj 
— principal ; r = rate per cent, expressed decimally; i;:^inferesl , 

PXTXr^ PX'X'- 

12 365 

m-_SG5i T.^]2j 3G5i ^_12_'^^1^' 

~Tr~ ir' ~l'r' ~Fr' TT Ft' 

Example. — A promissory note, made April 27, 18G4, for 
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Ocl. Is lOtlt mo 
ApriliBlthnM 

y. ra- 
ises . 10 
■64 . 4 


itli. 
27 


lm,c^ 1 . 5 


D 



rusl, at 1 [icr cent, niiituicd Oi;t. 6, 18C5 : what 

Time from April 27 lo Oct. 6 (one of 
the (latca always inelutlod) ^= ie2 days, 
whicli, added to the 365 days in the year 
preceding ^= 527 da;^s. 

" —One day's inferost at lenet la ecnwr- 
by computing tbe time lu ytaca anJ 
montJiB, or- moatlis, inatiml of diiya. 

825.20 X 17.3 X .08-^12 — $71,38. Am. 

825.25 X 527X.0G-^3G5 = 871.4I). Ans. 



To fiml a constant diohor, h,/or any given rale^ier eeiU. 

Wlien tlicfime is taken in inontlB,i:=^12-j-f. 
WIicii tte time is taken in days, fc^ 365 -^r; thus, 
When Ike rate ik G per cenl. -—-'= Interest 
WJien the rate jV 7 per cenl. -^^= Interest, &c. 

Example. — Eequired tlio interest on S750 for 03 davs at 7 
por tent ■' 

750X D3-^52U = »1S.38. Ans. 

Example. — What is tlie rate per cent, when $450 eains 8t941 

in 3 years? ° ' 

450:100:: 94.5: 3^ = 7 per cent Ans. 

94.5-^3X450^.07. Ans. 

ExAMi'LE. — In what time will S125 at G per cent gain $18f V 

fi : 100:: 18.75: 125 X«^2^ years. Ans. 

18.75-f-135X.0G^2Jyears. Ans. 

Example. — What principal at 5 per cent interest will gain 
f1C|in 18 months? 

5:i00::iG.875:].5X^ = »225. Am. 
16.875 X 12 H- 18 X-06 = $225. Ans. 
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122 COMPOUND INTEKKSI. 

ICAcrt partial payments Imoe Jieen made. 

iiULE, — Finil llie amount {an m of the principal and interest) 

up to tbi; lime of the first paynaoot, and deduct tlie payment thore- 

r ■ tl >n find tlie interest on tlio remainder np to the next paj- 

m n add li ma nd new principal, and from the sum 

litia^ h pa m n and so on for all the payments ; then 

d n m of final payment for the fioiil 



COMPOUND INTEREST. 

If me cakuiate the interest on a debt for one year, and then on 
tlie sajne debt for another j'oar, and again on the same debt for 
still another year, the sum wd! be the simple interest on the debt 
for three years. But, on the contrary, if wo calculate the interest 
on the debt for one year, and then on the wwant (sum of the prin- 
cipal and interest') for tlie next year, and then on the second 
amount for the tuird yeai', the sum of the interest so c^culated 
will be the compound interest, or yearly compound interest, on the 
debt for three j'eara; equal to the simple interest on the debt for 
three years, plus the yearly compound interest on the first year's 
interest fortwo years, plus the simple interest on the second year's 
interest for one year. So, if we divide the time into snorter 
periods than a year, and proceed for the interest as last su^ested, 
the interest will be compound. Thus we have half-yearly com- 
pound interest, or compound interest semi-annnally, quarter- 
yearl)' compound interest, or compound interest quarterly, &c. 

Tlus method of computing interest is predicated upon tl]i^ 
natui-al idea, that interest, when it becomes duo by stipulation and 
is withheld, commences to draw interest, and continnes at use to 
the liolder, at the samo rato as the prineipal, until it is paid, like 
other over-due demands; and thatuie interest so made matures 
and becomes due as oflen, and at the same periods, as that on the 
principal, 

It will be perceived by the foregoing that the working-lime in 
compound interest is the interval between tlie stipulated payments 
of the interest, or between one stipulated payment of the interest 
and that of another ; and that the toorhinij-rafe is pro rata to the 
rate per annum. 

Thus the avtowM of SlOO at semi-annual compound interest for 
% years, at ti per cent, per annum, is 
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COMPOUND INTElilvST. 

100 X (t.03J«^Jill2.550831 — } 




3.278181 
IQ9.2727 
$112.550881, as before. 

If we lot P ^= principal or daht at interest, 
r = working-rate of interest, 

n = number of intervals into whieli tlio whole time L 
JiviJed for the payment of interest, or number of consecutive 
intervals for the payment of in( ■ ■> ■ ■ ..... 

3 payment having been made, 

! = eompoiaid intc.^..., 
A = P -|- ! or amount, then 

A = P(tH-r)-;P = 

liXAMPLE. — What is the compound interest, or yearly com- 
pound iuterest, on glOO for 1 ^ years, at 6 per ecnt. a year ? 

lOOxi.OOX 1.03 ^109.18 — 100 = $9.18. Ans. 

Example. — What is the amount of $5G0.4G, at 7 percent, 
compound interest per year, for G years and 57 days '.' 

5e0.4G X (1.07) » X (l + ^~^) ^ $850.23. Am. 
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124 COMPOUND INTEKKST, 

ExAMri.B. -~ "aha jmiicipal is $250, tha Tate 8 percent, a year, 
tbo time 2 years, and tlie interest compound per quarter year: 
re<pireil the w, 



-x(..f)-^ 



When Partial Payments have been made. 

KULE. — Find the amount up to the first payment, and deduct 
the payment therefrom ; then find the amount up t!> the next pay- 
ment, and therefrom deduct that payment ; and so on for all tbo 
payments ; then find the amount up to the time of final payment, 
Ibr the Anal amount. 

Example. — A uote of hand for $500 and interest from date, 
at 6 per cent, a year, lias been paid in part aa follows ; viz., two 
years and lour months from the date of the note, by an indorse- 
ment of $60 ; and three years from that indorsement, by an in- 
dorsement of S150. It is now eight months since the last payment 
was made, and the demand is to be settled ia full; required the 
amount at the present time, interest being compound per year. 

500 X (1-06)2 •^ 1.02 — 50=523.036 



The following table shows (1 +r) raised to all tlie integer 
powers from 1 to 13 inclusive ; r being taken at 4, 5, 6, 7, 8, and 10 
per cent. If the numbers in the column headed years are taken 
to represent years, then 4 per cent., 5'per cent., kc, at the bead 
of the columns of powers, will stand for per cent, per annum : if 
they are taken to represent half-years, then 4 per cent., 5 per pent., 
&c., will stand for per cent per half-year, &c. The quantities in 
the columns are powers of (1 -|-r)i of which the numbers referred 
to and standing opposite, respectively, are the exponents. Tims, 
1.26248, in the S per cent, column, and against 4 in the column 
marked yeai's, = (1.06)*; and so with the others. The powers 
or quantities in the columns are co-efficients in the calculations. 
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OOUFOUNI) INTEBEST, 



Tesr,. 


* par cent. 


S percent. 


apereent. 


^perc.„t. 


g per cent 


iO percent. 


1 


1.04 


1.05 


1.06 


1.07 


1.08 


1.10 


2 


I.08I6 


1.1025 


J.123G 


1.1449 


l.lfi64 


1.21 




1.12486 


1.157G2 


1.1U103 


1.22504 


1.25971 


1.S31 


4 


1.16986 


1.21551 


1.26248 


1.3103 


1.36049 


1.4641 


5 


1.21665 


1.27638 


1,33833 


1.40255 


1.46933 


1.61051 


e 


1.2G532 


I.S401 


1.41852 


1.50073 


1.58687 


1.77166 




1.31593 


1.4071 - 


1.50363 


1.60578 


1.71382 


1.94872 


8 


1.36857 


1.47743 


1.59385 


1.71819 


1.85093 


2.14359 


9 


1.423S1 


1.55133 


1.63948 


1.83846 


1.999 


2.35795 


10 


1.48024 


1.62889 


1.79085 


1.96715 


2.15892 


2.59374 


11 


1.53945 


1.71034 


1.8983 


2.10486 


2.33164 


2,85312 


12 


1.60103 


1.79586 


2.0122 


2.26219 


2.51817 


3.13843 



NOTH. — Ifacc 

tliat Dumber on .. .. 
lliat Qamber of Inteivnts 



n Int. 



in the table, square tte tabular eo-etaoient opposite liKlf 
.._._ . ._L^ £[|g tabular co-effleient opposii* ono-tliii^d 
ibe co-elBclent reguii-ed. Thus, 
1.9Bg!i=1.53087> = 1.08'i'X 1.08"= 1.08 '" = 3. 998, 
the«o.efflclentrorl8yearsorInterTalsat8peroeiit. perintermi, &o. 

It ttie compound Intciest nione is sought on a given pi'lnsipnl, subtract 1 
from the tabular power corresponding to the time ana rale, and multiply the 
Femainder by the given piinoiptil ; the product vvlll be the compound iiii*re8t. 
Tliua (1.285Sa— Ijx WO = $38,532, the yoarlv eompound interest, at i per 
eent. per annum, on $100 tor 6 yeara, or the tialf-yeaily compound interest, at 
Sper cent, per annum, on ^lOOiiirS years, or the half;eaily oompouui] Inler- 
eet, at 4 per cent, per half year, on t>00 Ihr C half-years. 

ExAMPi-B. — What is the amount of |I25,54, at 5 per cent, 
compound interest, for 7 years, 21 days ? 

1+ ^^^ - °^ — 1.00288, the co-effieicnt for the odd days; and, 

turning to the 5 per cent, column in the table, we find (gainst 7, in 
the coluninof years, 1.4071, the co-efScient for 7 years: then 



125.54X1-407,1X1.0 



-8178.30. Ans. 



Example. — In what time, at 7 per cent, compound interest 
per annum, will $1000 gain $462? A-^P = (_l + r')' : then 
1462-f- 1000^:; 1.462, the co-efficient demanded. Turning now 
to the 7 per cent, column in the table, we find the nearest less 
co-efficient there (there being none that exactly corresponds) to 



be tiat for 5 years ; viz., 1.40265. And ( , ' ■- . — ! ) -; 

■' V. 40355 / 

.C0553, the fraction of a year over 5 years to the answer. 
.00553 X 3G5 — 221 days: 5 years, 221 days. An 



,07 = 
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126 



COMPOUND INTEREST. 



The following TAHLE id of tlii3 ssmo nature as the preceding, 
anil is applicable wlien tha interest becomes due at regular inter- 
vala short of a year, or when the working-rate in compound inter- 
est is less than 4 per cent. 

The quantitJus in the 1| per cent column apply to quarter-yearly 
eooipound interest when the rate is 7 nor cent, a year ; and those 
in the 1 J per eent. iKiliimti, to quarterly compound interest when 
the rate is 5 per eont. a year; also the former are applicable to 
monthly compound interest at 21 per cent, per annum, and the 
latter to monthly compotinU interest at l!i per cent, per annum ; 
;ind so relatively, throughout the table. 



















1 




1 

I 


8 

I 


1 
1 


I 
3 


i 




1 






1.035 




1.026 ,1.03 


1.01T6 


1.015 


1.UI2B 


1.01 


LOOS 




lOTia; 


LOGOS 


[.050831.040* 


1.0353: 


i.osoa; 


1.02BI8 










1.09371 








1.03781 












L.lOSSl I.0B21) 








L.0406 


1.03015 






















1.22036 


1.19401 


L.IS96B:l.lSfllt 


1.10TT 


i.0B84fl 


1.0774 


1.0616! 






l3Ji^ 


L.2398; 


l.I8869^LU8BI 


1.1370! 


1.10984 




1.0731 




























1.2*88^1.19508 
















l.a43Bi 


1.1E73 


uem 


1.13321 


1.1048! 


1.05114 




L.1S991 


1.3S43I 


1.30801 


1.17701 


1.14845 


1.1156! 


1.0504 


la 


1.611W 1.42578 


t.844S01.38B34l 1.3292! 





Example. — What is the amount of 8750 for 4 years and 40 
days, allowing half-yearly compound interest, at 7 per cent, a year? 

In this case, the working-rate for the full periods of time fe 8^ per 
cent,, and there are 8 such full periods ; then, seeking the eo^ffldent 
in the 3^ per cent, column, we find against 8, in the column of 
•Ox .07 _ 



; and 1 + - 



limes, the quantity or co-efflcient 1.31 

1.00767: therefore 

750 X 1-31581 X t.OO767 = «305.18. Ans. 

Example. — What Is the amount of $1000 at compound inter- 
est per quarter-year, at 1^ percent, per quarter-year, for 4| yearn? 

lOOOX 1.128492 X 1,015 = 81288.01. Am. 
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BANK INTEREST OE BANK DISCOUNT. 

A bank loans money on a promissorj' note made payable with- 
out interest at a future period. The operation is called discounting 
the note at bank, and is as follows : The bank takes the note, finds 
the interest on it for three days more tinic than by its own tenor it 
has to ruQ, subtracts it from Uie principal, and hands the balanec, 
called the avails of the note, in its own bills, to the party soliciting 
the loan, or ofiering the note for discount, as it is called ; whereby 
the note becomes the property of the bank, and the maker and 
indorsers are held for its payment wlieu it matures. 

Tha throe days mentioned are called dai/s of grace, and the 
note does not become due to the bank until three days after it 
becomes due by its own tenor. These proceedings are sanctioned 
hy usage, and protccte3 by law. 

Bank interest, then, is bank discount, and hank discount is hank 
interest. But bank discount is notdiscotint, nor is it what is called 
legal interest on the money loaned. It is the interest on the money 
loaned, plus the interest on the interest of the ioan, plus the inter- 
est on the diSerenee of the sum taken and the interest on the loan 
for the time of the loan ! A kind of interest more onerous, if any 
description of inforest be onerous, than compound interest, rato 
for rate and time for time, as may be readily perceived. 

Let P= principal or face of the note. 

)■== working-rate of the interest for the time of the loan, 
a ^77 avails of the note or sum borrowed. 
! = bank interest. 
t ^= time of the loan- 

E: r:: T : t. E being the rate per cent, per annum, and T 
one year. 

P^a-^(l— r). n=P— Fr. i^Fr. )-=(P — o)-^P. 

If we let n represent the time of the note in months, 
_Rn , SB 

*■— -jyT'ggff' But it is the practice with many banlcs to count 

Ihe days of grace as so many 360th3 of a year. 
Putting d to represent the time of the note in days, 

r= , true time and rate. 

365 
With some banks, it is the practice, in calculatJng interest, to take 
the time, when it does not e.\ceed 93 days, as so many 3fl0ths of a 
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128 BANK INTEBEST. 

fal) line Nov. 10-33; but ouu having 90 days to run ftom Aug. 
10 will fall Nov. 8-1 1. The time including grace of the former 
is 3 mo. 3 Us., and tliat of the latter 3 mo. 2 ds., meaa time. Never- 
theless, the former embraces 95 days, or one day more than mean 
Ijme, and the latter hut 93 days. 

The following table shows 1 — i-, mean lime, for the intervals of 
time set down in the left-hand column ; R being taken at 4, 5, 6, 7, 
and 8 per cent, per annum, as set down at the top of the columns. 



^""""4. 


l».cor.t 


pefMBt 


pmcml. 


p^rMnt. 


p« o^nt. 


1 3 


.9915333 


.99S417 


9945 


.993583 


.992667 


9 3 


.993 


.99125 


9895 


.96775 


.986 


3 3 


.989667 


.987083 


9845 


.081917 


.979333 


4 3 


.98G333 


.982917 


9795 


.976083 


.972667 


5 3 


.983 


.97875 


9745 


,97025 


.966 


3 


.979667 


.974583 


9G95 


.964417 


.959333 


^ 3 


.976333 


.970417 


9646 


.958583 


.952667 


8 3 


.973 


.96625 


9595 


.95275 


.946 


9 3 


.969667 


.962083 


9545 


.046917 


.939333 


10 3 


.966333 


.957917 


9495 


.941083 


.932667 


11 3 


.963 


.95375 


9446 


.9.1525 


.926 


12 3 


.059667 


.949583 


0395 


.929417 


.919333 



Putting i: to represent the tabular quantity 1 — r. 

Example. — What will be the avails of a note for $1,260 
payable in 4 months if discounted at a banfc, interest being 7 per 
cent, a year ? 

The tabular constant 1 — r, in the 7 per cent, column, against 4 
months and 3 days in the time column, is .07G083, and 
$1,250 X -976083 ^$1,220.10. Ans. 

Example. — For what sum must I make a note having 6 months 
to run, in order that the avails at bank. If discounted on the day 
of the data of the note, may a,mount fo $956.38, interest being 6 
per cent, per annum ? 

By the table, $956.38 -^ .9695 — $986.47. Ans. 

Example. — What ia the rate of bank interest when the nomi- 
nal or legal rate is 7 per cent. 'I 

. .07-^(1 — .07) = .07527 = 7J-l-,jJirpercent. Ans. 

Hors.— AdoM harinir fi monlhs Ui run ttom Fi'b. 1 will fall due Jiit>' 
1-4; and tlic time, Indudmj; enux, Is S mo. 3 ds.^ 1B3 days, moiin lime. 
Hut tlie time in days from ¥eb. 1 to July 1, when li\Minmi-y liaa liuf -JS diivn. 
|8 i53 days only, or 2daja short of mean time. Soo Bi!c, U., p. a. 
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- COMPODND DiaCOONT. 



DISCOUNT. 



Discount is a deduction of tbe interest on tho present wortli or 
availability of a debt not yet duo, in consideration of its presitnt 
payment. Tho pnnci/jal ia Che present nominal value of the ik'iil, 
interest included, if any interest lias accrued. The time is iIk^ 
interval from the present to the date at which the debt will become 
doe. The rate is the legal rate of interest, if no other rate is speci- 
fied ; and the present tuorth is that snm of money, which, if put at 
interest at the same rate and for the same time as the discount, wiil 
amount to the principal. 

Let a represent the principal, d the discount, w the present 
worth, and i the interest on one dollar for the time and at tlie rate 
of the discount. 

, = 0-^(1 +i) = o-,l. ■I = oi-h(l+i)=a-«. 

Example. — Required the discount on $260 for 8 months at C 
per cent. 

The interest on H for 8 months at 6 per cent, is .04 of a dollar, 
or 4 cts, ; and 

250X .04-f-(l-[-.01)i=$9.6154. Ans. 

Example. — Required the present worth of S1272.G2 due 247 
days hence, discount 7 percent. 

The intereston «i for 347 days at 7 per cent. = 247X.07 -^3G5 



= 0.04737, and 


1272.62- 


^1.04737 = 


:812 


15.06. 


Ai 


licthcoo 


— " TnH> 


,3 flf. fn e- 
,a. Is equal t 


.mmon pnrlan 
pdedu^ngth 


e^iitl 


rust, at 


tliat 



COMPOUND DISCOUNT. 

CoMPOirsD Discount is to compound interest what simple dis- 
count is to simple interest. In both cases of discount, the dift'er- 
enco between the principal and the discount is thai sum of money, 
which, if put at interest for the same length of time, at the same 
rate, and in the same general manner as the discount, will amount 
to the principal. 

HuLB. — Add 1 to the rale per licnt. of the discount for the 
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working- time, and raise the sum to n power corresponding with the 
namber of working-times ; divide the principal by the power, and 
the f[ii[)lioiit will be the prcseDt wortli; subtract tlie present worth 
fiom tUo prineipal, and the remainder will be the compound 
diseount. ' 

KoTE. —The TABtEa of tlie powers of 1 + r, applicable to componna in- 
tci'GBt, are uqunlly applicable to compound discoum. 

Example. — Required the present worth of a debt of $250, 
allowing yearly compound discount, at 7 per cent, a year, for 
3 years 84 days. 

I -j" ' — ^^ — = I.OIGIl, tlie working-pate for the 84 days, and 
250-^(1.0r» X 1.01G11) = $200.84. Atis. 

Example. — What is the present worth of a debt of $150.25, 
due S years, 3 months, and 10 days hence, without interest, allow- 
ing compound discount per quai'ter-year, at 1 J per cent, per qnar- 
ter-year ? 

By table, ID0.25-^(I.1D5G2 X 1-015 X I.001C!l) = 

$123.G1. Ans. 
NOTi!. — tVHitt 18 here denominated tbe debt, or principal, represents the 
debt at tbe close of the time of t)ie discount; thst is, if tho debt bo on in- 
terest, tlie interest mnst be included in wlint is bere ctilcd tho debt, or 



PROFIT AND LOSS. 

The term "Pkopit akd Loss," as intimated in treating of 
Pkrckntaoi!, relates to tho positive and negative interests in 
business, and embraces the iden. of both. 

Ik>th profit and loss are absolute guantjtjcs, and are expressed by 
llie diffijrencc of the cost price and selling price that limit them. 
Thpy are usually, however, estimated by percentage, predicated 
upon the first-mentJoued price or prime cost. 

■\^'hon the sellino; price is greater than the cost price, or when 
the money obtainea by the disixaal of property exceeds what the 
property cost, the dlfiereuee is positive,- and denotes increase, 
profit, or ^ain. Converaoly, when the cost price is greater than tho 
selling price, or when property is disposed of for Kss money than 
it cost, the dilferencc is negative, and denotes decrease, loss, or 
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PROFIT AND LOSS. lol 

waste. So, the difference of the two [ii'icos, diviikil bj the cost 
priee, expresses the rate of gain on the eosf wlicii the selling price 
IB tiio creator, — expressoa t!ic rate of loss on tfao cost when the 
coat price is the greater. 

Let c repi'esent the coat price, purchase price, par value, or sum 
of money paid for the property; s, the selling price, trails price, 
premium price, or sura of money receiYeil in exchange for the 
property; r, the ral« of the profit or hws; p, the rate per cent, of 
the profit or loss. 

To find the rata or rate per cent, of the profit or losn. 



positive, r=: 1; anil, wlicn it is negative, r^= i — — 

Example. — Paiil $4 for nn article, and sold it for f J. What 
per cent, maa gained ? G is more than 4 by what per cent, of 4 "/ 
The difference of 5 and 4 is what per cent, of 4 V 5 — I :::: $1, 

gained; and - ~ ^=-^5'=-^—'^- 25 per cent. Arts. 

Example. — Paid $5 for an artacle, and sold it for $4. IVhat 
per cent, was lost ? 4 ia less than 5 by what per cent, of 5 ? The 
difference of 4 and 5 is what per cent of 5? i — b=^ — 1=:*!, 

lost; and °-^ = .20=l—f 20 per cent. Am. 

ExAMrtB. — A whistle that cost 3 cents was sold for 20 cents ! 
The profit was how much per cent? (20 ^ S) -^ 3 — 5| or 5GiiJ 

ExAMPLK. — A fop paid 810 for a woU-made and well-fitting 

Cnir of boots for his own wear, that were worth what they cost him; 
ut, being told tlint they were unfashionably large, sold them for 
$4. liis vanity cost him what per cent, of the purchase price? 
t — ^=.6 or GO percent, ^/is. 

Tojiiid a price long a given per cent, of the cost, or to find a sell- 
ing price tlial shall be the sum of the cost price and a given per 

, = t + CT = KI+')='(l««+?)-rl»»- 

Example. — At v/hat price must I sell an article that cost 

42.35 to gain 25 per cent. '/ 2.35, more 25 per cent of it, b how 

much ? The sum of $2,36 and 25 per cent, of it is how much ? 

2.3.') -f- 2.35 X .2:>^2.3!i X 1.25 — $2.D3J. Ans. 
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KdrATION Ot PAYMBSTS. 



To find a price glioH a (/wen per cm 


-1/. of the co.it, or to find a s> 


ing price that shall be the differei 


we of the cod pnce and a git 


per cent, of it. 




)i=e — cr — c(l — r): 


= c(100 — p)-e-100. 



ExAMPLK. — I have a damaged article of merchandise tlint cost 
$3.75, and I wish to mark it lor sale at 30 per cent, below cost. 
At what pritfo shall I mark it ? 2.75 less 30 per cent, of it is how 
nmeh? The difFeronce of $2.75 and 30 per cent, of it is iiow 
much? 2.75 (1— .SO) — 2.75 X .7 = $1,925. Ans. 

To find the cost price tohen ihe selling price and profit per cent, ai e 

given, 
, = c + cr=:c(l+r).-.t = ,^(l + ,)=M,^(100+,,). 
Example. — What cost that article whose selling price, $4, is 
long 25 per cent, of the coat ? What price, more 25 per cent, of 
it, is equal to S4 ? $i is the sum of what price and 25 per cent 
ofit? 400-^125 = f3.20. Ans. 

To find ihe cost price wJien the selling price and loss per cent, are 

, = c-cvs:zc{l-r) .-. c = s^il-r) = ms^(m-p) 
ExAMPi.K. — What cost that article whose selling price, $376, 
is short 7 per cent, of the cost ? What price less 7 per cent, of it 
is equal to S3 7S ? $375 is the difference of what price and 7 per 
cent, of it? 
.■!75-f-(l —.07) —375-^.93 — 375 X 100-^(100 — 7) = 



EQUATION OF PAYMENTS. 

The Equation op Pathests, or Averaging of Accounts, as 
it is move frequently called, practically consists in fimliiw the 
common time of maturity of two or more debts due at different 
times, and is either speciid or general; special.when it is made in 
regard to a given interchangeable rate of interest and discount, in 
which the magnitude of the rate slightly affects tihc time, since 
discount consumes move time per dollar, rate for rate, than, inter- 
est; and general, when it is made disrespectful of rate, or com- 
mon in the greatest possible decree to all rates. 

RuLR, for common purposes. — Multiply each debt by the num- 
ber of days between its own date of maturity and that of the debt 
earliest due, and divide the sum of the products by the sum of the 
debts; the fiuotiont will express the common time in days subse- 
quent to the leading date. 
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EliUATlON OF PAYMENTS. 133 

The following exliibils llie ra.ce of an account in the ledger, ami 
tlie lime (date) at which it averages due is required. 

1960, April 10 $350.26 — 6 mo. Due Oct. 10. 

" June 25 330,56 — 6 " " Dec. 25. 

•' July 10 50.62 — 3 " " Oet. 10. 

" Aug. I 210.84 — 4 " " Dec. 1. 

" la 7.'!,40 — 5 " " Jan. 18. 

" Oct. 15 100. — cash " Oet. 15, 

li'sAiiPLE. — Practical method of stilting and working. 

18G0. Due Oct. 10, fSOl 

- " •' Dec.95, 331 X 7G — 24396. 

" " 1, 311 X 53 = 10973. 

" Jan. 18, 73 X 100 =. 7300. 

" Oct. 15, 100 X 5= 500- 

1006 ) 43l68(43diiys, = Nov.33, 1860. 

COMPOUND AVERAGE. 

CuHPouNu AvKiiAGu cousists in finding the tinie at which the bal- 
ance ol' in account or demand averages due, whose sides — tlie debil 
and the credit — average due at different dales. 

Rule. — Multiply the less sum or side by the difference in djiys 
liciween the two dates — that at which the debit side averages Jue 
and that at which the credit side averages due — and divide the prod- 
uct by the diflerence of the sums or sides ; the quoiieui will be the 
number of days that one of the dates must be set back, or tho other 
forward, to mark the time sought ; for which last, 

Earlier date with larger sura, set back from earlier. 
Later date witli larger sum, sot forward from later. 
EsAMPLE. — The debit side of an account in the ledger Ibols up 
*400, and averages doe Oct. 13, 18(J0 ; tlie credit side of the same 
account fools $300, and averages due Nov. 16, 1860. At what (>ite 
docs tlie balance or difference between the two sides average due! 
400 300 

300 35 

loo ) 10500 ( 106 days earlier than Oct. 19,=June39,I860. Ans. 
Example. — The debil side of an obligation fools $350, find aver- 
ages due May 17, 18S0 ; the credit side of the same obligation foots 
$175, and averages due May 1, 18G0. At what dale does the differ- 
ence of the sides average due ! 



73 ) 3900 ( 37i days 1 
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GEHEB.^L AVEILVQE. 



GENERAL AVERAGE. 



■It is tlic established usage that, whatever of eithar of the throe 
coiumercial interests — thu ship, the cai^, or tho freight — is 
voluntarily sacridceJ or doatroycd for tho general good, or with 
the Tiew ofsavinjf the most that may be saved when all is in immi- 
iient danger of t>eiiig lost, is matter of general loss to the respec' 
live JntQivsts, and not more especially to the interest voluntarily 
abandoned than to the otbcra. So, too, the losses and dam^es inei- 
ilent to the voluntary sacrifiee, and collateral therewith, tMrethcr 
with tho expenditures wMeh the master has been compelled to 
make for tho general good, in consequence of disaster, are matters 
of general average, or are to be contributed for, pro rata, by the 
several interests. 

The coatributory interests are the ship, tho cai^, and the 
ti-eif!ht, at their net values, independent of charges, premiums 
jifud for insurance, &c. 

The contributory value of the ship, generally, is her value at the 
jiort of departure at the time of leaving, less the premium paid for 



The contributory value of the cargo is its net value, in a sound 
state, at the port of destination, if the voyc^ be cc^pleted; or its 
invoice value if the voyage be broken up and the cai^ returned 
to the port whence it mas shipped ; or its martcf^valae at any in- 
termediate port, where of necessity it is discharged and disposed'of. 
The value of tie goods jettisoned, and to be contributed for, is 
thitir value aAer the same manner ; and that value is a part of the 
contributory value of the cai^, as well as a matter of general 

The contributory value of the freight, generally, is the gross 
amount or amount per freight-list, less one-third part thereof, in 
most of the States ; hut, in the State of New York, one-half thereof, 
for seamen's wages and other espcnses. The loss of freight by- 
guttison, when any freight is earned, is matter of general averanjc. 
tf the cai^ is transshipped on board another vessel, and in that 
way sent to the port of destination, the contributory value of tho 
fivight is tlie gross amount, less the sum paid the other vessel. 

Tlui voluntary damage to the ship, with a view to the general 
cjood, — such as throwing over her furniture, destroying her equip- 
ments, cutting away her masb, breaking up her decks to jjet at the 
1 ai^n for the purpose of throwing it over, &c., — is contributed for 
!it two-thii'ds the cost of repairing and restoring ; the new articles 
lieiiig supposed one-half better, or worth one-half more, than the 
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OENBIIAL AVJiBAGE. 135 

If W13 let V ^ contributory value of tLe vessel, 
Czz contributory value of tho cai^, 
V =: contributory value of thu freight, 
d ^: aggregate amount of losses to bo avcra"Ocl, tUon 
li -f-(V-|- C -|-i'')ii:r, the per cent, of each interest toat each 
must contributu, and 

Vx f ^= Vessel's share of the loss, 

Cx ""^^ Carjio's sbare of the loss, 

Fx r^Frergbt's sbare of tho loss. 

When a eoatributory interest's share of tho loss is to be distrib- 

uled among tbo several owners of that interest, the samepj'o rain 

mctbod is to be observed ; thus 





AX'- = ; 


sun 


1 A must contribute, 




BX*--: 




1 B must contribute. 




BXr = 




1 D must contribute ; 


L, 15, 


aud D being A's, 


B'l 


i, aud D's rcspectiv 
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ASSESSMENT OF 5 



ASSESSMKNT OF TAXES. 

G^^araount of tasablo property, real and pei'sonal, as per 
grand list. 

A=i amount of monty to be raised, includinj; the wliole poU'tax. 

T =1 amount of money to be raised on property alone. 

n = number of ratable polls. 

k = poll-tax per head. 

r =;ratc per cent, to be I'tuBcd on taxable property. 

P ^;an individual's taxable property, as per grand list. 

6 =P's poll-tax. 

T=A — Jn. !-"T-^C. Pr-f6^FHtax, iiiuluclirigpoi!. 



INSURANCE, 

IssunAKCE is a writl<;a contract of indemnity, called tlie jiolkj/, 
by which one pai-ty (the insurer or underwriter) engages, for a 
stipulated sum, called the premium (usually a per cent, on the 
value of the property insured), to insure anollicr against a risk or 
loss to which he is exposed. 
Let P=Principal, or amount insured oii, 
r ^= rate per cent, of insurance, 
a ^= premium for insurance. 

a = Vr. r = a^V. V = a^r. 
Example. — What is the premium for insuring on $i500 at 1 J 
per cent. ? 

4500 X -015 = $67.50. Ans. 



LIFE-ISSUKANCE. 

Life-insurance is predicated upon the even chance in years, 
called the expectation of life, that an individual in general health 
at any given age appears by the rates of mortality lo have of living 
bei'ond that age. 

'riie Carlisle Tables of Expcetatjon, column C in the following 
tables, are used almost or quite oxelu^vely in England, and by 
some insurancc-compaaies in the United States j while those by 
Dj". Wigglesworth, column W, computed with special reference lo 
the rates of mortality in this country, ore used by others. 

The Supreme Court of Massachusetts has adopted the . Wi;.'gii.'s- 
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LIFE INSUltAJJCE. 



TABLE 
Of Ages and Expectalions fi-ora Birth to 103 years. 



4ee- 


C, 


W. 


-VE". 


c. 


w. 


Age, 


c' 


"w. 


Asc 


C. 


w. 





S8.72 


28.15 


26 


37.14 


31.03 


52 


iIgs 


20,05 


78 


S.I 2 


G,S9 




44.G8 


38.78 


27 


30.11 


31.50 


53 


18.97 


19.40 


79 


5,80 


6.21 




47.55 


38 74 


28 


35.03 


31.08 


54 


18.28 


18.92 


80 


5.51 


6.85 




49.82 


40.01 


29 


3.5.00 


30.66 


55 


17.58 


18.35 


81 


5.21 


5.S0 




50.76 


40.73 


30 


34.34 


30.25 


56 


16.89 


17.78 


82 


4.93 


5.16 




51.25 


40.88 


SI 


33.68 


29.83 


57 


[G,2I 


17.30 


83 


4.65 


4.87 




51.1! 


40.Ga 


32 


33.03 


29,43 


58 


16.55 


10.63 


84 


4.39 


4.G6 




50.80 


40.47 


33 


32.36 


29.02 


59 


14.92 


16.04 


85 


4.12 


4.57 




50.24 


40.14 


34 




28.62 


60 


14.34 


15.45 


86 


3.90 


4.21 




49.57 


39.72 


35 




28.22 


CI 


13.82 


14.86 


87 


8.71 


3.90 




48.82 


39.23 


SG 


m32 


27.78 


C2 


13.31 


14.26 




3.59 


3.67 




48.04 


38.64 


37 


29.64 


27.34 


G3 


12.81 


13.66 


89 


3.47 


3.56 




47.27 


38.02 


.38 


28.9G 


26.91 


64 


12.30 


13.05 


90 




3.43 




40.51 


37.41 


39 


28.28 


26.47 


65 


11.79 


12.43 


91 


3.26 


3.32 




45.75 


36.79 


40 


27.01 


26.04 


66 


11.27 


11.96 


92 


3,37 


3.12 




45.00 


36.17 


41 


26,97 


2a.Gl 


67 


10.76 


11.48 


93 


3,48 


2.40 




44.27 


35.76 


42 


2C.34 


25.19 


68 


10.23 


11.01 


94 


3.53 


1.98 




43.57 


35.B7 


43 


25.71 


24.77 


C9 


9.70 


10.50 


95 


3.53 


1.G2 




42.87 


3'1.!>8 


44 


25.09 


24.35 


70 


9.18 


lO.OG 


06 


3.4C 






42.17 


34.59 


45 


UAh 


23.92 




8.65 


9,60 


97 


3.28 






41.40 


S4.22 


46 


23.82 


23.37 


72 


8.16 


9.14 


98 


3,07 






40.75 


33.84 


47 


23.17 


22.83 


73 


7.73 


8.69 


99 


2.77 




22 


40.04 


33.40 


48 


22.50 


22.27 


74 


7.33 


8.25 


100 






,23 


30.31 


33.08 


49 


21.S1 


21.72 


75 


7.01 


7.83 


101 


1.79 




24 


38.69 


32.70 


50 


21.11 


21.17 


76 


6.69 


7.40 


102 


l.SO 




25 


37.86 


32.33 


51 


20.39 


20.G1 


77 


6.40 


6.99 


103 


0.83 





Thus, by the tables, a, man ia general good health at 21 yeara of 
ago has an even chance, by the Carlisle rate of mortality, of livin;; 
■iOf years longer; by the Wigglesworth rate, of liviog 33^^ 
years longer. So a man in general good health, at 60 years o( 
age, has, Dy the Carlisle rate, an even chance of living 14.34 years 
longer; by the Wigglesworth rate, an oven chance of living 15.45 
years longer, etc. 
12« 
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FELLOWSHIP. 

Fellowship calls fur the distribution of a given effect to each 
of the several causes aesueiated in its prodiiclion, proportional to tlieir 
rcsiicsctive magnitudes one tvjlh another. 

It is a rule, therefore, adapted to the use of partners associated in 
liiisiness, in acliieving- a pro rata distribution among lliemaelvea as iiidi- 
viduals, of the profits or losses pertaining to the company. 



Rule, — Multiply each partner's investment or share of llie capital 
stock, liy the whole gain or loss, and divide the product by tiie sutn 
of all the shares, or gross capital. 

Example. — Three men. A, B, and 0, enter inio partnership. A 
invesls $500, B $700, and C $300. They trade and gain $400. 
What is each partner's share of the profits? 

A, $500 I 50OX4OO-M5OO = tl33.33J=A'ssharfi. 

fi, 700 700 X 400 -!- 1500 = 180.601 = B"s " 

0, 300 I 300X400 -J- 1500= _80^ =C'3 " 

S1500 = gross capital. $400.00 Proof. 

KxAMPLi!. — D's investment of $800 has been employed eight 
months; E's, of $500, five months; and F's, of $300, five months, 
Ihe profits of the company are $500, and are to be divided pro rain 
iimong the piirtners. What is each partner's share ? 

n, $000 X 8 = 4800 X 500 -^ 8800 = $273.73, B's share. 
E, 500 X 5 = 3500 X 500 -r- 8800 = 142.05, E's " 
1'', 300 X 5 = 1500 X 500 -h- 8800 = 85.23 , F's ■' 
8800 $500. Proof. 

Example. — Of $130 distributed, tliere were given to A, J ; lo B, 
}■; Ui 0, ^ ; and to D, ^, and there was nothing remaining. 
What sum did each receive! 

i of 120 = 40 X 120 ^ 114 = %\'i-f^ = A's share. 
J ofiao = 30 X 120 -1- 114 = 3Ii^ = B's " 
t of 130 = 24 X 120 -^ 114 = S5/g = C's " 
I of 130 = 20 X 120-!- 114= S1tV = D'3 " 
ITi $120. Proof. 

Example. — Divide the number 180 into 3 parls, whioh shall 
be lo each other as ,J, |^, J. 

i of 180 = 90 X 180 -:- 105 — R3.08 
Jof ISO — OOX 180 — 105 = 55.38 
JoflSO^^SX ISO-;- 195 =41.54 

195 180.00 Proof. 
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ALLIGATIOS. i-^i) 

IxAMPJ.E. — $400 are to be divided between A,B, and C, in 
ratio of i to A, A to B, and ^ to C; liow mudi will each 
Eive? 

4 of 400 — 200, and 200 X *00 — 500 ^ 81G0 — A's aliare. 
iof 400 = 200, and 200X400-^500= IGO^B's share. 
|of 400 = 100, and 100 X 400 -|- 500= 80 = C'ss]iare. 



ALLIGATION. 
Alligation Medial is a method by wliich to find the mean price of 
a inLxtuie or compound, consisting of two or more articles or ingre- 
dients, the quantity and price of each being g-iven. 

Role. — Multiply each quantity by its price, and divide the sum of 
Iho products by the sum of the quantities^ tiie quotient will be the 
price pet unity of measure of the mixture; and, having found llie 
price of the given quantities as mixed, any quantities of the same 
iiiatetials, taken in like proportions, will be at the same price. 

Example. — If 20 lbs. of sugar at 8 cents, 40 lbs. at 7 cents, and 
80 lbs. at 5 cents per pound, be mixed together, what will be (he mean 
price, or price per pound, of the mixture? 



140 ) 840 ( G cents. Arts. 

The soveml kinds, then, at their respective prices, taken in tlie 
proportion of 1 at 8, 3 at 7, and 4 at 5 cts., will form a mixture worth 
G els. a iHiund, 

Example. — If 10 lbs. of nickel are worth $3, and 94 lbs. of copper 
are worth $44, and 8 lbs. of zinc are worth 40 cts., and I lb. of lead is 
worth 5 els., wliat are 5 lbs, oipreUy good German silver worth ? 

Alligation Alternale is a method by which to find what quantify 
of each of tvvo or more articles or ingredients, whose prices or quali- 
ties are given, must be taken to foim a mixture or compound that 
shall be at a given price or of a given quality between the two 
extremes. It also applies to the finding of relative quantities when 
tbe quantity of one or more of the articles is limited. 

Rule. — Connect the pven prices or qunlitioa — a less than the 
jfiven mean with that one or either one that is j;mater — and to the 
extent that nil be thus connected ; then place the difference Iretwoon 
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140 ALLIQATIOS. 

each given and tlie given mean oppomto, ndt the given, or the 
ffivon mean, but the given witli wnieh it is allig.ated ; the nuia- 
Dor standing opposite cuch price or quality will be the quantity that 
must be taken at tbat price, or of tbut qaa.litj. to form a, mixture or 
conipoandat tbc price or of tlie quality desired. And, being propor- 
tions respectively to each other, they may be bikon in ratio greater 
or less, aa desired. See Sac, B, page 18 b. 

Example. — In what proportions shall 1 mis tea8 at 48 cents a 
pound and 54 cents a pound, that llie mean price maybe 50 cents a 



ssu 



Or, as a at 43 U ____ ___ 

Proof J2X48 + 1X 54 = 150. 

Example. — In what proportions shall I mix teas 
corns a pound, that the mixture may average CO ncn 



13 + 6 

wine dealer has received an order for a quantity of 
gallon. He has none Tandy marm/'aciurcd a.t that 
at 40 cts., at 56 cts., and at 80 ceiila a gallon, and 
It cost him nothing. He wishes to fiil tlie order 
imposed of the four mitteiials — the water and the 



three 
them, 


different 
that the 


priced wines 


, In what proporiiona may In 
rage price shall be 50 cents a g; 


dlun 




50. 


Ans. 

roc-, 6-1 

) 4a 1 30 1 „^ 
LsO-i 10. 


,50 


roo- 
LfiO= 


A7t3. 

30 = 301 
6 + 30 = 30 1 
10 = 10 f 
50+ 10 = 60 J 








= 96 gals. 








= 136 gals. 








Ans. 








An,. 






Or, 5 


U0J50J- 


30^ 

lOj 
i ga 


1- 

Is, 


"OOt 

4i 


6 1 

6 + 30 . 
.50 + 10 
10 

= 112 gals. 




II", t 

(.(,., of 


low, havi 
ihc urli.' 


iigruiiiiri l\,n 1 

Irs in i[iy;iiilily 


iropi 


ay'll'e 


1 deaireil, 
l«.'st win 


it is wished K 
f k. 8 gallons 


> limi 
inth 
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IKVOLUTIO.N — F.VOLUTEON. Ill 

mixture — liifi pioporliona of ihe remaining artidea ihprelo .ire found 

[iistanoe, Isl esamplc, — 

10 : 8 :: 50 = 40 l , , ,, . . .„ ■ . c 
If, -a- in — oA ( Ai'i tlie mixture will consist of 

IS;?;; 6= 4t(B+»+««+H-">te""""- 

if, inalead, it is desired lo mix a (fiven quantity, say 100 {rallons, 
and proportioned, say as in first example, the qnaritily 10 ha taiioii of 
each is ascetlaiiied by Llie following 

Rule. — As the snm of the relative c[U8ntities is to llic quantity 
required, so is eanh relative quantity lo the quantity reiinited of it 



n of the relative quantities allnded U 
"96 ; then, 

90 : 100 :: (i = Gl 
'JO : 100 :: 30 = 3ii 
96 : 100 ::50 = 58^ 



06 : 100 : 



"fs 



INVOLUTION, 
lists in iiiYolviiig, that is, in multiplying a nnmW 
one or more times into itself. The number so involved is called tlie 
rnor, and the product arising from such involution, its povxr. 

The second ■Bovjer , or sijuare, of the root, is obtained by muliiplying 
the root once into itself, as 4 X 4 = 16 ; 4 being the root and 16 its 
a|uare. 

The ihkd power, or cidie, of a number, is obtained by ninltiplyiriR 
the number twice into itself, as 4 X ■* X 4 = 64 ; and bo on for any 
power whatever. 

When a number is to be involved into itself, a small figure culleii 
the index or exponent is placed at its right, indicating tlie number of 
times it is to be so involved, or the power lo which it ia to be raised. 
Thus, S-" = 3X3X3X3 = 81; and4'=:4X4X 4=04, 



EVOLUTION. 

Evolution is the opposite of Involution. It consists in finding ii 
root of a given numher, instead of a power of a given root. 

Wiien the root of a number is required or indicated, the number is 
n'rilteu with the \/ before it : and the character or denoniin:iiion ot 
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142 i.;vc)L!;tion. 

figure j)laee(l oyer the sign. Wtiuii tlio square root of a niimlier is 
leqiiirud, the sign (V) is pbtod bcfui-e Uie numlier, but the index 
(-2) is usually omitted. Thus, V25, shows that tlie square root of 
25 is required, or to be takeu ; and ^35 shows that the cube rool 
is required. The operation is' usually called extracting the root. 

TO EXTRACT THE SIJUABE ROOT. 

liiTLc — 1. Separate the given number into periods of two figures 
eaiih, hj placing a point over the j5r« tigaw, third, Jiflh,&i.o., coaulif.g 
from riglit to left — the root will consist of as many figures as lliere 
are periods. 

3. Find the greatest square in the left hand period, and place iis 
root in the qnotient; subtract the square of the root from llie left 
band periorl, and to the remainder bring down the nest period for a 
dividend. 

3. Mulliply the root so fiir found — Ibe figure in Ihe quotient — by 
3, for a divisor ; see bow many times the divisor is contained in ibe 
dividend, except Ihe right hand figure, and place the result ('Jie num- 
jjur of times ii is contained) in the quotient, to the right of the figure" 
iilready ihere, and also to the right of tlie divisor ; multiply the divi- 
sor, thus increased, by the last figure in the qnotient, and aubttacithe 
product from the dividend, and to the remainder bring down the next 
period tor a dividend. 

4. Multiply the quotient — the root so far found {now consisting of 
two figures) — by 3, as before, and take the prodqct for a divisor ; 
see how many times the divisor is contained in the dividend, except 
the right hand figure, and place the result in tlie quotient, and to the 
right of the divisor, as before ; multiply the divisor, as it now stands, 
iiy the figure last placed in the qnotient, and subtract the product from 
the dividend, and to the remainder bring down the next period for a 
dividend, as before. 

5. Multiply the quotient (now consisting of 3 figures) by 2, as 
bejbre, and take the product fpr a divisor, and in all respects proceed 
as when seeking for tlie last two figures in the quotient. The quo- 
tient, when all Uie periods have been hronght down and divided, will 
he tlie root sought. 

NoTt — I. If Ihore is a remainder Bflerfimling the InWfer of a tont, annan perfnila of 

2. If ll» given nunilier Is a decimal, or cnnslsls »f h whnia numtier and decliDa]. point 
tiirihe dgclDUd ftom lell to risbl. bi plkclnj- the point orar the seeeHd,fotirlh, tiaUlt, He, 
flguras cherslii, and fllL Ilia leal peiind, tflncDinplela, by Himajiin; a c[[Ae[. 

3, IrUie dlrldand deeg not contain IbEitlviaor, « cipher mnsl lie plsceil iathaqnollenl. 
fliHlaisoal the right of the iliviwT, and (Tie nejaperitx] brou^it ilown ; Ihon the dividend 
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- H&iiiitcil the Bi^iiarc riMil of 193'156.4S2, 
123456,4330 ( 351.3C3e+. Ans. 




5250504 
tuMFi.E. — Required the square r 
10031 ( I03-05-I-. Ans. 

1 

) 00631 
609 



1. Also, of 28561 
i ( lOi). Ans. 



Rule — 1. Separate ihe given number into periods »f llireo figures 
each, by placing a point over the first, foiirtlt, seventh, &,c., eonntin' 
from right to left — tho root will consist of as many figures as Lliere 
nrQ periods. 

3. Find the greatest cube in the left hand peiiod, and rilace its root 
in the qnotient ; subtract llie cube of the root from the lel\ haniJ pe- 
riod, and to tho remainder bring down the next period for a dividend. 

3. Mnltiply the square of the quotient by 300, for a divtBor; see 
tiow many times Ihe divisor is cant;iiRed in the dividend, and place 
the result (except that the remainder is large, diminished hy onn or 
two units) in the qnotient. 

4. Multiply the divisor by the figure last placed in the qnolicnl, 
and to the proiluct add the square of lite same Rgure, multiplied by ihu 
other fiHiite, or figures, in the ijiiotieiit, and hy ?.(i ; and add also Ihiirei" 
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llm cube of tlio same figiite, and take the suinfut the subtraheiiJ ; siili- 
Iracl llic subtrahcnil ftom the dividend, and to the remainder briiig 
down the next period Tor a dividend, witli which proceed ns with the 
preceding, so continuing until the whole is completed. 

Note — I. t)eciinala must be pnlnial tram lell lo right, by placing a poliil arur llis 
IkirU, aixlh, ia., &sami In Ihal dirKlion. 

'J. ir llu iliviaar ia nutconlalnEd by the dividend, place Bclplier In the nuntloiil, nnil 
nniiai two aiiiben to tlia diiiaor, nnd tirin; dawn Ihe neit periad hi a diridinid, uiid am 
LliedlvlBdr, u thuH IniM'eaBed, fiir finding iha next qnuiieni figure. 

3, if then Is a camaiodar afler finding the inle^r of tbe [DDL, onnei B peiioil at thtce 

iiesingii [letimf of llires ciphers 10 eoth I'cinalnifcr until theflMiinal iscarrieJ iciBanUny 
iJacMofflguteiasdeairal 

ExsMrLK. — Requirod the cube root oC 47421875.6324. 

47421875.632406 { 301.959-]-. 
27 An-i. 

3«X 300 = 2700)20431 

6 

16200 

= 3240 

= aio = 

SC X 300 = 388800 ) 765875 

388800 
1^ X 30 X 30 = 1080 

.1^' =, 1 = 381) 881 

301' X 300 =30000300) .'iTSOlMOSS 



7T230 
93= 729 = 352744050 

3619' X 300 =^93!H 48300 ) 23249973400 



19(145741500 
' X 3019 X 30 = 2714250 

53 = 125 = 19648455875 



3GI95' X 300 = 393023107500 ) 

35372 !06(i7.WO 
iCX 36105X30 = 87 



= 3537998622079 
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EVOLUTION. 145 

ExAui'LE.- -Koquiml the cube root of 32T0S. Also, of 84S0CG4. 

32701^(32. M8'J004(204. 

27 Ans. _S Ans. 

;i-x300=2TOO ) 5708 2- X 300 = 1200(H) ) 4890G4 

2 4 

5400 4B0OOO 
2^X3X30=300 4^X20X30 =9600 

25=. 8=57G8 4^ = 04=48yC(>4 

Gcnetiil Rulo for esfraeting tlic roots of all powers, or fur finiling 
any proved root of a given nambcr. 

1. Point off the given number into periods of as many figures 
eaoh, oonnting from right to loft, m correspond witli the denoiuina- 
lionof tho root required; that is, if the cube root be requiretl, into 
periods of three figures, if the fourth root, into periods of four fig- 
ures, &0. 

2. Find the first figure of the root by inspection or tri.il,'and place 
it lit the right of tho Dumber, in the form of a quolJont ; raise this 
quotient figure to a power corresponding with the denomination of 
tlio EObt sought, andsubtraet that power from tho-ieft hand periotl, 
and to the remainder bring down ttio first figure of ttio next period, 
fiir a dividend. 

3. Raise the root thus fur found (t)ie quotient figure) to a puivcr 
noift inferior in denominfttion to that of tho root required, umltiply 
this power by the number or index figure of the root required, ami 
t:ibe the product for a divisor; find the number of times the divisor 
la contained in the dividend, and ploco the result (except that tho 
remainder is large, diminished by one or two units) in the qnotiont, 
lor the second figure of the root. 

4. Baise the root thus far found (now consisting of two figures) to 
a power corresponding in denomination with tlie root required, and 
subtract that power from the two lelt hand periods, and to the ro- 
miwnder bring down the first figure of the third period, for a divi- 
dend ; find a new divisor, as before, and so proceed until tho whole 
root is estracted, 

EiiJiPi.B. — Required tho fifth root of 45433424. 



Hosted by Google 



I'ltoaitKSSioN. 
-Ki!fHiived the Gfth r.»t of 432040 .0:,54. 
432046.03540 ( 13.4 + Ans. 



116 

For instructions touohing speeial wisos, sob Notes I'clafcivc to tlie 
cstraotion of tbo sqimro root, and to tlic csti'action of the cube root. 

The // of tlio />/ of any nunilxir s= fi/ at tliat aumljcr 
" /</ of the f^ ^ V . 
" f^ of the />/ of the ^/ ^= ^ . 
" /£/ of the ^ =z f^ . 
" >v/ of the ^ = ^, &c. 



ARITHMETICAL PROGRESSION. 

A Beries of tliree or more numbers, jncreasiug or decreasing bj 
equal differences, is called an arithmetical progresnon. If tho num- 
bers prf^roBsively increase, the aeries is oalled an ascending aril/i- 
melical pTOgresaion; and if they progressively decrease, the scries is 
called a descending arilhmeticalprop^sion. 

The numbera forming the series are called the /errns of the 
precession, of which the first and the last are called the extremes, 
and the others the mcmts, 

Tho difierenoe between the consecutive terms, or that quantity ly 
wbioh the nambets respectively increase upou each other, or dcoroaso 
from each other, is called the common difference. 

Thus, 3, 5, T, 9, 11, &c., isan ascending arithmeticftl progression, 
and 11,0,7, 5, 3, is a descending arithmetical progression. In these 
pn^rrossions, in both instances, II !tnd 3 are the extremes, of which 
11 IB the greater extreme, and 3 is the less extreme. Tho numhera 
between these, (9, 7, 5,) are the means. 

In every arithmetical progression, the sum of the extremes is 
equal to the sum of any two means that are equally distant from the 
exbemes ; and is, therefore, equal to twice the middle term, when 
the series consists of an odd number of terjns. Thus, in tho fore- 
going series, 3 + Il=5-|-9 = 7X2, 

Tho greater extreme, the less extreme, tho numlier of h-yms. tlio 
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ARmiJiKTicAL paooRESsiON. 147 

cnmmon diffi^rciicc, nni! tlio smii of tlic ItTinf, ma cullud thojioe prop- 
erties of atiai'itlimeticiilpn)grcssii)n,of «'liii;ii,imy(Arcebeing given, 
the other two may Ijc found. 

Cot s roproscnt tliG sum of tlio terms. 
" K " the greater extreme. 
" e " the leas cstreme. 
" rf " tiio common diffiirenco. 
" n " the number of terms. 

af ait arilhmelkal frogression anil l/ie nuiidicr of Icrtiis 
being giixn, to find the sum of the terms. 



(E + e) X ft 
tUC, inelusiTO ' 



= Hum of tho terms. 
^Vhat is the sum of nil tho oven numbera froju 2 tg 
102 X 50-^2 =.2550. Am. 



(1 + 12) X 12 -I- 2 = 78 times. Ans. 

{ '~" + M X "2 '^ '""* '^'" ""* ''"""*'■ 

(Ex 2 — »— 1 X f') X i n = sum of the terma. 



(2e + n — IX-O Xi n = sum of tho terms. 

Tim greater extreme^ the eomnwn difference, and the taanbcr of lerm* 
nf an arithmetical jirogression being given, to find Ike le.is erlrenie. 

E — (d\ n — 1) = less cstromc, 
ExAiirLE. — A man travelled 18 days, and every day 3 iliUom fiir- 
ther Uiiin on tho proeediog ; on the hiat diiy he travelled 5G jiiilos ; 
how m^iny miles did ho travel tho first day ? 

50 — (18 — 1 X 3) = 5 miles. Ans. 

— 1 — — I = loss cstrcme . 

r; X 2 — E = loss oitromo. 
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148 AlUTllSiEl'lCAL rnOCKEESION, 

V (Fx ■£-]- fiy ~ s X il X^ + li = li^sB estromc, B'Iipq 

V {'2K-\-ily' — &sJ is equal to, or greator than d. 

V (SH-J-rf)'^ — 8s(/ ./■ rf = loss osti-cmc, wlien 
2 
V(2E4-rf)^^^"Ij is Io33 than d. 



a/ {'2 e -j^ tly '}' S s /i — d^ greatGr cstrcme 
i/X" — i-{-e = greater estremc. 



The C3.ircmes of an aiithmelical progression and the common diffi.rcnf.e 

being gioert, to find ilte number of terms. 

E — e~i! -\-l^ number of terms. 

ExAMrLB. — Ad A heavy body, failing freely through space, do- 

acunds 16^ {.Kt in tbe first second of its deseont, iS^ feet in the 

nest soeond, 80^^ in the third seooiid, and soon; how inany soe- 

onds liad that body been falling, that descended 305 /j feet in the 

last second of its descent ? 

30^3 — 1^1^ = 289i•^ 32^=9 -|- 1 = 10 secuwU. .'l;<.i. 

^/(iej'dy + Ssd— d — e-i-d + l^ number of terms. 



2 s -i- E-\- ^/ {2^ + d)* — S s d + d = RiMuhai of term 
2 
V (TE -'[•iiy^ — fisd is equal to, or greater than d. 

2j4.E + V(2E + d)'''^^STdj< d =■ number of term 
2 
K/ifl'&\-dY—'6sd is loss than d. 

*X2 

,7T — = number of terms. 
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'/Vie (.rlrenu.'f of an arillunetical progression, andllie number oj lermt 
being given, to find Ihe common difference. 

E — e 

^Y37j = oomiGoii difference. 

Example. — One of the exfremea of an fivithmetieal pTOgreBsion ia 
28 and tho other is 10(1, nnd thure nro I'J terms in the serioa ; ro. 
quired the nommon differencB, 



^ c-0-^ 



2s 


-i-n- 


-2e 


2E- 


-<2. 


L 



difference, 
difiference. 
difference. 



UjtaMPLE. — The lesa extreme of an nrithinetica! progrosaion ia 23, 
the sum of the terms 1216, and tlio number of terms 19 ; required 
tlie Tt!i term in the series, descending. 

I2ie X 2-=- 19 = 1^= sum of the extremes. 
128 — 28 = 100 =• greater extreme. 
100 — 28 = 72 = difference of extremes. 
72 -i- n — 1 (18) = 4 = common difference. 
100 — (T^l X 4) =» 76 =« 7tli term descending. Ans 
Required the 5th term from the less ostreme, in nn ari thine ticiil 
pvwroaaion , whose greatest extreme is 100, common diBercnce 4, 
iindnumbor of terms 19. 

100 — (iT^ X 4) = 44- -^"s. 
To find any assigi d nund f h w I means, belween two giccn 

EuLE. — Subtract tt Is t m f m the greater, divide the 
remiunder by 1 m th n tl 1 f means required, and the 

quotient will b tl mm n d ff n 1 etween the extremes ; 
wliioh, added to th I xt m gi tl least mean, and, added 
to that, gives th n g and n 

Or, E — e-i-m'\-l^d, B being the greater extreme, e the leas 
extreme, m the number of means required, and d the ci 
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18 — 3 = 15-^0 = 2i, and 
3 + 2i = 5S + 2i = 8 + 2i = 104 + 2j = 13 + 24 = 15i. 
G4, 8, lOi, 13, 15-1, therofiife, nre 5 arithmetioal means, lictwceii the 
3 and 18. 



GEOMETRICAL PEOGRISSION. 

A series of throe or more nuraberB, increasing by a ct 
tiplier, of decreasing l)j a common divisor, is Called a geometrical 
jiiiignssion. If the greater numbers of the progression lire to the 
right, the progression is called an ascending seomctTkal jirngres^n, 
liut, on the eimtrary, if thev are to the left, it is called a,_desceniling 
geoinelrieal. progression. The nomber by which the progression is 
formed, that is, the common multiplier, or dirisor, is called the 



Tlio numbers forming the series are called the terms of the pro- 
gression, of which the first und the last are called the extremes, and 
the others the means. The greater of the extremes is c:i11ed the 
greater extreme, and the less the less extreme. 

Thus, 3, 6, 12, 24, 48, is an ascending geometrical progression , 
because 48 is as many times greater than 24, as 24 ia greater 
than 12, &c. ; and 250, 50, 10, 2,. is a descending geometrical pro- 
gression, because 2 is as many times less than 10, as 10 is less than 
50, &c. 

(n the first mentioned series, (3, 6, 12, 24, 48,) 48 is the greater 
erireme, and 3 is the less extreme; the numbers 6, 12, 24 aro the 
iiipans in that progression. 

So, too, of the progression 250, 50, 10, 2 ; 230 and 2 aro the ex- 
tremes, and 50 and 10 aro the means. 

In the first mentioned progression, 2 is the ratio, and in the last, 
or in the progi'ossion 2, 10, 50, 250, 5 is the ratio. 

In a geometricid progression, the product of the two extremes ia 
oqual to the product ofany two means that are equally distant from 
the extremes, and, also, equal to the square of Uie middle term, 
when the progressiou consists of an odd number of terms. 

Tims, in the prtwressiun 2, 6, 18, 54, 1C2 ; 102 X 2 = 54 x '' 
=. 18 X la. 

When, ft geometrical progression hns but 3 terms, either of the 
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extnimes a 11 d a / / proporlional to the other two ; and the 
middle te m con q n ly ib a mean proporlional between them. 

ThiiB, in h p tT n 48, 12, 3, 3 is a third proportional to 48 
and 12, be ause 48 d d d by the ratio == 12, and 12 divided by tha 
ratio — 3 ; or 3 X ratio = 12, and 12 X ""itio =»= 48 : 12 ia tho memi 
irroportioTtal, beeaase 12 X 12 ^^ 48 X 3, 

Of tho 5 properties of a geometrical progression , viz. , the greater 
csflreme, the leis etltane, the number of terms, the ratio, and the sum 
of the terms, any three being ^yen, the otlier two may be found 
Let t represent the sum of the terms. 

" E " tho greater extreme. 

" e " theleBB estreme. 

" r the ratio 

" n tho number rf terms 

" n wht,n iffixed as on indes cr etpmont, represent that tliO 
term, numbci or quantity to which it is lihsed, is to bo raised 
to a powei equal to tl e n imber of terms in the respective progres- 
sion, &e. 

Any three J the Jiic parts of a geometrical progression being given, la 
Jiitd the Tcmmmng two parts. 



;:3:^ + E = sm 


n of the terms. 


r— 1 


51 of the terms. 


r-Xc — e 


Ill of the terms. 


E_(E-i-r^' 




r — 1 




E — e 




■^(E-O- 





KiAMPLE. — The greater estreme of a georaeiJioal progression 
1G2, the less estreme is 2, and there ate 5 terms in the progression 
roijiiirod the sum of the series. 

^*''''~" + lG2*i243. Ans. 



^(162 ^2) -1 



- Lsri gi-onter estromo. 
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— X e = greater estreme. 
f ""' >4« = greater extreme. 



;; 5 ^ greater estreme. 

s — (s — E) X J* = less cst.rcme, 

E -7- r"~' ^ less extreme. 
sX'^^X'P—i . „_, , 



mbcr of tiiiios 
tliat r must be multiplie<i into itself to equal -■ ■ ■- — -\- 1 

Example. — A faiiner prcipoBcJ to » drover that he would sell 
lii[n 12 abcep and allow him to select them from his flock, provided 
the drover would pay 1 cent for the first Beliicted, 3 cents for the 
suoond, 9 cents for the thirf, and ao on ; whut aiim of money would 
12 sheep amount to, at that rate^ 

— _f - = s, then 

312 X 1 — 1 

— ^—^ ■■=$2657.20. Ans. 



When it is required to find a high power of ft ratio,.it is eonven- 
lont to proceed as follows, vik. : wi'ite dottn a few of the lower or 
leading powers of the ratio, aiieccasivcly iis tlii^y arise, in a line, onn 
after another, and pht.'c thi^ir ri!spe«(ive indii-i's over them ; then 
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will tiie product of Biioh of tlioBO powers aa stnini und«r sucfi imlicca 
whose sum is equiil to tlio indes uf the required power, eqii^l t!iu 
power required. 

ExAai'[,E. — Required the 11th power of 3. 

12 3 4 5 
3 9 27 81 243 
Here 5 -|- 4 -j- 2 = 11, consequently, 

243 X 81 X 9 = 11th power of 3, or 

5X2-|-l=:il, consequently, 
243 X 243 X 3 = Hth power of 3, or 

4X2-1-3 = 11, consequently, 

81 X 81 X 27 = lltli power of 3, or 

3X3-]- 2 = 11, consequently, 

27' X 9 = r" = 177147. Atis. 

ns, between two givM 

— D <! t! greater given number by the Ichs, and from 

L nt t t that root whoso index is 1 rooi'o than tlic 

f m a req lired ; that is, if 1 mean be required, extmi't 

t f t o, the cul* root, &c., and the root will be the 

b f II the terras ; which, multiplied by the less given 

w 11 th least mean ; and that, multiplied by the siiid 

tl t greater mean, and so on, for, all the meaii.'^ 

O tl enter extreme may be divided by the coinmOTi 

th gee U. t mean ; that by the same ratio, for the next 

1 the 

21B7 — 3 = 729, and /y729 => 3, then — 
3X3=>9X3=27X3=81 X3='243 X 3 = 729, that is, t)ie 
numbera 9, 27, 81, &13, 729 are the 5 geometrical means between 
3 and 2187. 
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ANNUITIES. 

An annuity, strictly speaking and practically, is a certain sum 
of money by the year; payable, upually, either in a single pay- 
ment yearly, or in half, lialf-jearlj, quarter, qaarter-y early, &c., 
and for a succession of years, gi'eater or loss, or forever. Pensions, 
ausards, bequests, and the like, that are made payable in fixed 
sums for a succession of payments, are commonly rated by the 
year, and denominated annuities. 

A current annuity that has already commenced, or that is to 
commence after an interval of time not greater than that between 
the stipulated payments, is said to be in possession. 

One that is to commence or cease on the occurrence of an 
indeterminate event, as upon the death of an individual, is a re- 
■nersinnarn, contingent, or life annuity. 

One that is to commence at a given period, and to continue for a 
given number of years or payments, is a certain annuity. 

One that is to continue from a given time, forever, is a perpetual 
annuity, or a, perpeiititi/. 

Annuity payments do not exist fractionally: they mature, and 
ex'^t only in tiiat stat«, and arc then due. 

A current annuity commences with a payment, and terminales 
with a payment 

One current in the past is measured from a present included pay- 
ment, closes with an included payment, and is said to be in arrears 
orjwrbome, from a supposed cancelled payment one regular inter- 
val or time, beyond. 

One current in the future ia measured from the present to the 
Hi'st included payment of the series, and from thence is said to con- 
tinue to the close ; but if the interval from the present to the first 
included payment is equal to that between the successive pay- 
ments, it is supposed to continue from the present, 

Annnides in negotiation are adjusted, with regard to time, by 
interest, or discount, or both. - 

The TABLES applicable to compound Interest and compound dis- 
count are applicable in ailjusting annuities at compound rates. 

To find the Amount of a Current Annuity in Arrears. 

IjBMMA. — The amount of an annuity that has been forborne 
for a given time is equal to the sum of the several payments that 
have become due in that time, plus the interest on Cctcli, from the 
tjme it became due, until the close of the time. 
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Tlien tiro amount of an annuity of SlOO, pajiibli; in a niiigle 
pajmont annually, but delayed of payment 4 years, allowing sim- 
pJL' internst at G per cent, on the payments, is 

100 X 1.18= 118 
lOOX 1.12= 112 
100 X 1.06= 106 
100 X 1 — 100 = 5436. 

AuJ at fi per rent, compound interest on the pnymenta, it is 

lOOX (1-00)==^ 110.10 
100 X (1.06)*= 112.36 
100 X (I.OH)> = 10G.OO 
100 X 1 = 100.00 =$437.46. 

At C per ecnt. simple interest, when payable in balf, half. 

60 X 1.21 = 00.50 
50 X 1.18 = 59.00 
50 X 1.15 = 57.50 
50X1.12 = 68.00 
50 X l.O0 = 5i.6O 
50 X l.Oe =53.00 
50 X 1.03 = 51.50 
50 X 1 ^50.00 = 1442. 

_ Anil at G per cent, compound interest per anntjm, wiien payable 
in half-yearly instalments, Je is 

60 X (1.06)3 X 1.03=01.34 

50 X (l.OG)S =50.56 

BOX (1.06) a X 1.03=57.86 

50X(1-0G)* =50.18 

50 X (1.06)1 v^ ].03 = 54.5il 

50 X l.OC =53.00 

50 X 1.03 =51.50 

60 X I- =50.00 = $444.02. 

From tlie foregoing, wc derive the following general Kui.ES :— 
Let P = annuity or yearly sum, 

r^^rato of interest per annum, 

u=:rate of discount per annum, 

n or ° =: nominal timo of the annuity in full years, 

A = «niouiii for the full years, 

D represent worth for the full years. 
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When the anniiltj' is pnyablu in a single payment yearly, 
A=Fn(l-\-'^f^), Smiple Interest. 
A = P- "^ ''' - "' ) Compound Interest. 

When payable in equal half-yearly instalments, 

A = Pn(l+^^^^ + -f ). Simple Interest. 

A = FX "^'^r~' x(l + f )■ Compound Interest 

When payable in equal third-yearly instalments, 

A = P«(l+-^^^^^+y )' Simple Interest 
A = P ' "'''' ~ - ' (l-|-^), Compound Interest 

When payable in qnarter-y early instalments, 

A = Pn(l+^^^'-f ^), Simple Interest 
A ^= P ''"'''''-n-' f 1 -|. -^ ^. Compound Interest. 

When there are odd payments, to And the amount, S. 



,en I half-yearly, S = A(l 

1 third yearly, S = A(l 

2 " S = A(1 



1 quarter-yearly, S rr: A(l - - 

2 ■' 8^A(I 
- .AG 



Jr)-1-^P. 



*'■) 



- --Wl + iO + iP 

-iP. 
, . ^P(84.r)-^1C. 

ir any number of equal and regular payments at eompound 
interest per interval between thepajmenfa, S^:P'( — —. — ), and 
for any number of equal and regular payments at simple interest 
per interval between the payments, S^^P'n' (l -\- ~ ) ; F' 
being a payment, n' or "^ the number of pajments, and t' the rate 
of intereBt per interval between the payments. But this must not 
lie eonfoundcd with componnd interest annually, on payments oe- 
cnning semi-annoaliy, quarterly, &c. 

EsAMPr.E. — What ia the amount of an annuity of $150, paya- 
ble in half, half-yearly, but delayed of payment 2 years and !2 
tlayii, allowinn; eompound interest per annum at 7 per cent. ? 

150 x'^^^5r^' = $3I0.50, the amount for 2 years, if payable 
in yearly payments, and 
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310. 50X C'-"7)=WI5-B3, the amount foi- 2 j'cara, if payable 
ill half-yearly paymeats, and 

315.93 X (I'^^l^) =$320.29, the amount for 2 years and 72 
Jays, if payable in half-yearly pajinents. -4ns. 

Example. — Wliat is the amount of an allowance, pension, or 
award, of $100 a year, payable quarterly, but forborne 3} years, 
interest compound per annum at 6 per cent. ? 

100 X '-^^^^ X ( 1 + '^^) = $325.52, the amount for 3 years, 
.■.nd 

325.53 (I -f. 03) -1-100X8.06-^ IG=8385,GG. Ans. 

ExAMrLE. — What is the amount of $100 a year, payable in 
quarterly payments, and in arrears 4 yeai-s, interest being com- 
pound perquarter-year, at 6 per cent a year? 

asfCl-f-^y—lJx-jB ■ By tabular powers of ([ + r),page 



To find the Present Worlh of an AimuUy Current. 

Lemma.- — ■ The present worth of an annuity that id 
for a given time is equal to that sum of money, which, if put at 
interest from the present time to the close of the payments, will 
amount to tlie amount of the payments at that time; and therefbi'e, 
the times being full, is cijual to tlie sum of the several payments, 
discounted, respectively, at the rate of interest for their respective 



„ ■» foundli)- slmijlc [nterostaniJ dU- 

, By simple liiti^rcsE and dlsicoaaC, at per cent-, predlcittEn^ tJte rule 
the foregoing leianiit. tlio OMOUitf of $100. pEijiitilB annaally, and in 
B for 4 years, iaJltiC; Bud tlio jireseni toortft, Me ptrotiit., is 



i!ut (MO at fi per cent. Ini^test for 4 yeora, with tlie pavmcnts of interest nnnu- 
slly.wiU amoont to$4ia30; and at Interest simply fur 4 years it wiJl amount 
to only t4K.70. 

Then th« present wortli of an annuity of JlOO, payable in a 
aiiislc payment yearly, and to continue 4 years, or to become due 
1, 2, 3, and i years hence, interest and discount being compoHiid 
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100 X (LOG)' = 110.10 
100 X (1.0G)==112.3G 
100 X (1-OG) =I0G.0O 

100 X 1 := 100.00 --437.16-^ (LOG)' — $346.51. 

And interest at G iicrcent.andiliscouDt at 10, both compound, it Is 
100 X (LOe)' = 3!9.10 
100 X (1.0G)' = 112.36 
100 X LOG =106.00 
100 X 1 = 100.00 ^137.-1G-^ (1.10)'= S208.7D. 

;le pajmenl 



Tlieivfore, wlien the annuity is [lajahlo in a 
yvaiAy from tUc present time, 

D_pil±r^,_ _A_ ,vhen r and a ar 
When payable in half-yearly payments, 

I> = Px'^^.'X(l + ir). 
Wiieii payablu in third-yearly payments, 

■jj __ pitnnTi' -i )x(i-m-) ^ 

rd + o)" 

When payable in quarter-yearly payments, 
j3 _ prci+D'-i i ii+j.-) . 






Whan there arc odd paymcnia, to find the present worth, 8. 
ThiTe buing a half-yearly, S = |^^-f IP . 
1 third-yearly, S^,-^„ + 4^„. 

1 quartci-jearly, S=,-:^j^+,-i^^- 

3 " s = .-^„+'-^^'- 

Foi' any number of equal payments, at equal intervals between 
[lie payments, S~P' X '-—-^yiri P' being a payment,, "' the 
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number of payments, and r' ami «' the ratios pei' iiitarval boLwoun 
tbo paymoDts. 

Note. — Since <! +''> ~\ is t],e oo-effidont of P, for Its prcBOnt wortb, at 

compound Intcreat niiii diacoanf , for tlia time » , at the rates r, a, it follows 
tiint tables of co-cfflofents of P foe Its prosent wortli, nt given rates, for iinjr 
number of yenrs, may be eneily made. Tbus ll.O*' — l)-».l.oS' x.0B = 3.1651l, 
tlic co-offlctcut of an annuity, 1', for 4 years' conlinunuoo, InloreEt and discount 

"•""*'"** '^T z veare. aa. 

. , -IB aifferenoo ol 

of tbsm that for the time deiferred, and tlie other that for tho enm of tlio 

detbl'i'ed and Ute Ume of the annuity) will bo the oa-«ffiDient of 1' for 

ib) present worth. Thns3.4S511— 1.83139^ 1,031?^, the co-elBeicut of an annuity, 
'O years hence, and to 0011- 
uad per anuum, at per 

ih us the formnla: Buggest, 
aniinitles. 

ExAMPLi':. — What is the present worth of an awaix! of $500 a 
year, payable in half-yoarly instalments, the Ist payment to mature 
6 months hence, and the annuity to continue three years; interest 
and discount being 7 per cent., compounded yearly ? 

500XK1.0I)"— i]x (i.f) 

Example. — What is the present worth of an annuity of $100, 
payable in lialf-y early payments, and to continue 1^ years; intercHt 
and discount being G per cent, per annum? 



r + ro3^®^^''^^- 



ExAMpLi;. — What is the present worth of an annuity of $500, 
payable in semi-annual instalments, and io continue lOJ years, 
interest and discount being compound per annum, the former at G 
per cent., and the tatter at 8? 

-''»H1-M)'-1](1t') , _5M_ . 

.i>Himr{i.-f) ^s(i.f) 

A 250 

1.1>8'"X 1.01 + 1.04~ *■ 
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By tabular poivoi's ot 1 -\- r, page 125 : 
500 X .790S5_ 



2.15893 



3052.64, tlio present worth fur 10 years' cnn- 
'., if payable in yearly payments, and 

3052.G4 X 1-015 = $3038.43, 
tlio preBcnt worth for 10 years' continuance, if payable in Imll'- 
yearly payments, and 

3O98.43-e-l.O4 4-5O0-f-2Xl.Oi — S32J9.G4. Ans. 
When tlio interval of time from the present to the 1st pajnu^nl 
ia shorter tban that between the consecutive payments, and the 
auQuity is payable in a singli: payment yearly, 

I.[(l + r)--l](l+S) 
A:^ i ^,an(l 

P_ A _ P[(l + 0'-l](l+if ) 

(.+.)■—' (l + -JSs— ) >■(■+")'■"''(' +!!2i")' 
d being the time in (lays from the present to the Ist paj-ment. 

So, if the annuity is payable in half-yearly, third-yearly, or quai'- 
tci'-yearly instalmonta, multiply by 1 -1- ^r, 1 -j-iA <"" 1 -f- t''i *s 
before directed; and if there are odd payments proceed fur the 
present worth, S, as already directed, 

Example. — Required the present worthof an annuity of SlOO, 
payable yearly, to commence 4 months henoc, and to continue 4 
years; interest and discount being 6 per cent, annualbj. 

100 X (1-06* — 1) X Ci-*-^.-) 

-^li ^ , 0,^,. 'V - 8360,24. Ans. 

.OiJXl-06*X(l.^5^i5r^') 

nul,y,orof 

When the annuity is payable in a single payment yearly, and the 
deferred time embraces full years only, 

D :^ P -!^ — ' ' , — i — ;; , n' boin" the deferred time. 

If it is payable in half-yearly, thii-d-yoirly, or iiuarter-y early 
inslahnents, multiply by 1 + J r, 1 + j r, or 1 -f | r, as already 
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dirccteci ; and, if there are odd payments, find the present worth, S, 
as aheaily direeted. 

EsAMPLE.^ — ^ What is the present worth of an annuity of $150, 
payable yearly, to commence 2 years hence, and to continue 4 
years ; interest and discount being eompound per annum, at G pof 

150 X (i-OG' — 1) -^ -Oe X 1.0C'= $1G2.59. An;/. 

Example. — Required the present worth of an annuity of $500, 
.payable in semi-annual inst-aiinents, to commenec 2J years hence, 
and to continue G years ; allowing compound interest and discount 
annually at 7 per ccnL 

600 X (i.07«— nx 1-— 

^ — ,j^ = f 2016.14. Ans. 

.07 X 1.07' X 1- Y 
ExAMPLE. ■ — Required the present worth of an allowance, 
pension, or award of $125 a year, payable in halfevery half-year, 
to commence 7 months 34 days hence, and to continue fij years ; 
interest and discount being compound per annum at 5 per cent. 
1 25 X (1-05° ^1)X 1-0125 125 _ ^^,_ 

.05 X 1-05" X 1-03247 X 1-025 ~ 2 X 1-025 

"' ^^^^ xtlLy ^"^ = S^fi34.47, Ihe present worth for S 
years' continuance, if payable in yearly instalments ; and 
C31.47 X l.-^=|C42.40, 

the present worth for C years' continuance, if payable in half-yearly 
instalments ; and 

G12.40 -^ (l -]- ^— ) = G22.20, 

the present worth forG years' continuance, if payable inlialf-yeariy 
instalments, and to commence 7 months, 24 days hence ; and 

G22.20-^(l+'^)-J.j--HL. = $G68. Ans. 



Tojind Ihe Present WotOi of a Pei-petuily. 

Lemma. — The present worth of an annuity to 
year henee, and to continue forever, is expressed by that sum of 
money whose interest for 1 year is equal to the antoxtnl of the 
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annuity for I year ; and so, pro rata, for perpetuities otiicrwise 
regalarly affected. 

Then wlien the annuity is to commence 1 year iience, ana is 
payable in a single payment yearly . . , D.= P -j-r. 

Payable in half-yearly instalments . . D zz ^■ . ~'~ . J ' . 

Payable in third-yearly instalments . . D~ -L±J' •'. 



Payable in f[uarter-yearly inatalracnta 



,r(l±i'i 



Example. — What is the present worth of a pGrpetuity of S i 50 
a year, payable in a single payment yearly from the present time ; 

150 -^.OG =12500. Ans. 

Example. — What is the present worth of a perpetuity of $150 
a year, payable in semi-annua! instalments, and to eonimence 4 
months hence ; interest 7 per cent ? 

ExAMPLB. — Ecquired the present worth of a perpetuity of 
$400 a year, payable in quarterly pavmcnts, anil to commence fi 
years hence ; interest and discount beLiig 5 per cent., compound 

n _ ' " - = . J-- — tB08 1 .(15. Ans. 

r(l-\-ay .05X1-05'' 

The Aimunt, Thm, and Rale ijlnen, to find the Annuity. 
When payable in a single payment yearly from the present time, 

P *'- . 

a+i')[<i+'y-ij ' 
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and so, pro rata, for other fractional units of the integral unit. 

Example. — What annuity, payable in quarter!)' payments 
from the present time, will amount to $3000 in 12 years; interest, 
being eompound per annum, at 8 per cent. ? 

3000 X -08-^ [(108'= — l)Xl-'-^V'^!— *^''^'^^' ■^"*- 

Example. — Wiat length of time must a current anfiuity of 
K400, payable in quarterly paymentSj remain unpaid, that it may 
amount So $2500 ; interest being 7 per cent, yearly ? 

- ^^"''^• . '^;; ^ = .4gG3034=^5-f yeara, and 5 years by tabic of 
400X1.-V^ 

days, 5 years, 308 days. Ans. 

The Present Worth, Time, and Mate given, to Jind tJce Annuily. 
When payable in a single payment yearly from the presenl time, 

:vlV?i J-i,-V > quarter-yearly, P = 






t(r+^ -l](i+..y ^'-- Therefore, (l+,-)-;-pTn> - 
F(l+ir) _ m + lry 
P(l-|_jj-) — Ur^P(l+|»-)— -Dr ' ■ 

Example. — What annuity, payable in half-yearly inetalmcnts, 
and to continue S j-eara, is at present worth $1335.13 ; discount and 
interest being compound per year, at 7 per cent ? 

(i.o?-— oxifj^ 
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Any certain sum of money to be paid on a debt periodically 
until the debt is paid is called an instidntent ; and a debt so made 
payable ia said to be payable by instalment«. 

IjC.t D ^: principal or debt to be paid, 

" r= number of years in which the debt is to bo paid, 

r =: rate of interest per annum, 

p = instalment or periodTcal payment. 

When the instalments are payable yearly, and the debt is at 
When payable half-yearly, 

"•-sKi + 'r-iKi + i']' 

fii,,-- pCi+w+p . p 2pr(i+.-)--i] (i+w 

'^'~[p(i+W+i>]-»'' f(i + o- 

When the debt is not on interest, and the instalments are pay- 
able yearly, 



annually ? 

4000 X -00 X l-OC -1- (LOG' — 1) =$1154.37. Ans. 

Example. — What semi-annual instalment will pay a debt of 
81500 in 3 years, the debt bearing interest at 7 per cent, yearly V 



- =$842.02. Ans. 



4,500 X -07 X 107' 
3XC1-0''" — 1)X 1-0U5 " 
When tlie debt is on interest, and is payable in equal yearly in- 
stalments, jn=:D(l-|-rn)-rnO + '^-^), at simple interest; but 
simple intttrest i.? not strictly applicable t« instalments. See 
Note, p. 157. 
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When a dehl has been dimiiiL-^li^d at regular intervals bij the 
paymenl of a constant sum, to find the remaining debt at (lie close 
of the last payment. 

Wlicn the ilcbt is on intorcBt, and the payments bavo been made 
j-early from the date of the debt, 

,,_, p-(p-D'-)(i+')- .n 1 .v^ r-i' 

r ' >-'+'' -p — Sr 

When the payments have been made half-yearly, 
d=p-i-pil + ir)-(l + ryip+p(l + ir)-Dr-]-^r,&c. 

ExAMPLB. — On a debt of SI 000, drawing interest the wbile 
at 8 per cent, a year, there has been paid yearly, from the date of 
the aebt, $200 for 6 j-oars; required the unpaid debt at the close 
of the last pajm nt 

[■200—1.08 (00— 8 X 3000)] -^.08 = 8119.00. Ans. 

lixAMPLE. — O t f hand for f 1000, and interest from 

date, at 8 per t ann alij the foUowinjj payments have been 
made; viz., flOO at th lose of every half-year from the date of 
ilie note, for G y ara 11 much remained unpaid at the close 
of the last paym nt ? 

[204 — 1.08'C204 — .08 X 1000)] -f- .08 = $30.34. Arts. 

_ al inlorcBt and intet- 

,-..j ... —Canlnt! wfth the t*rma compound in- 

Btperannnni, and IJicyaroBOin ognlty olid in Hurt: 

bcsidea, rimple InWreM. te loappUeablB, in equllj, to Inilalniont paymonta. If 
ibc dobtor Mlpnlatin to pm QiB intcrcet nniinullr on a dobt, itnrl Bbldos Ma con- 
tract, Ite will -am It when ft bBeom™ duo, itnd it then booom« u prinolpal In 
the liandB of IhB drcditor. to be lot, It 1b fiilr to mpposo, npon bh flivorablo 
UTms to liIingelF as ho lot ilia prlndpnl wUCli gte\t it; wbcrcby ho n 



in debtor vIllilio)d9 : 
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PEKJIUTATION. 



PerjiOtatms, in the mnthetniitics, has referonee to tho greatest 
numbei'-of unliko rolntiro positions, tbat a given number of things, 
cither wholly unliko, or umike only in part, may be placed in.' It 
considers the number of changes, therefiivc, that may bo made, in 
the arrangeinont of tho things, under difiiircnt given cirenmstanccB. 

To find the number of changes that am he made in tlie order of arrange- 
meat of a given manber of things, when the things are ail different. 

Kl'lb. — Find the product of the natural series of numbers, from 
1 up to the given number of things, incluBlve ; and thiit product will 
he tho number of changes or poruiutations that may be wade. 



To find the number of eJianges that can be made in the order of arrange- 
ment of a given numlier of things, icAen lliat number is composed of 
several different things, and of seocral loliich are alike. 
RuLE.^ — Find tho number of changes that couIU bo made if the 
tilings were all unlike, as in first example. Then Hnd the nutiiber 
of flh.inges that could be made with the several things of each kind, 
if they were unlike. Lastly, divide the number livat found by the 
product of the numbers last found, and the quotient vrill be tbo 
number of permutations or changes that the cullKclJon admits of. 

EsAMn.E.— Required the number of permntations that can be 
made with the letters a, bli, ccc, dddd, => 10 letters. 
1 X 2 X 3 X 4 X 5 X C X TX 8 X X 10 = 30^800 

1X2X0X24==: 2M8 ='-.''''"■ ''"■'■ 

To find the nuirJicr of pivmvlations that can be ntadewth a giecn num- 
ber of different things, bi/ taking an assigneil nvmbtr of tliem el 

Rule. — Take a scries of numbers beginning with the number of 
things given, and docreaano; by 1 conlannally, nniJl the number of 
ti'rms is equal to the number of thing's that are to he taken at a 
time ; then will the product of the series be the ii<iiuber of rliangcs 
t.li-.it may be made. 
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COMBINATION. id( 

Ex.iMiT.E. — Whiit number of changes can be niaiJe with the 
numbers 1, 2, 3, 4, 5, 0, taking threo of tham at a tiuiGT 

C~l = 5, 6 — 1 = 4, then 0X5X4 = 120. Ans. 
What number, hy taking 4 of them at a time 1 
CX5X*X3 = 3C0. Am. 
ExAun.B. — Ari'ange the three letters a, i, c, into the groiitest 
number of permutationB possible. 

A, adi, bac, bca, cab, dra, = 6 permutations. Ana, 
Exsunja — Arraugo the four letters a, b, a, b, into the ;ireiiti>si 
nimiber of permutations possible. 

aM, aiM, M>a, IMa, baha, baah, ■■= G permutations. ' Aiif. 



COMBINATION. 

Combination, in the mathematics, has reference to the number of 
(inlike groups, which may be formed from a given nunil>cr of diOer- 
fint things, by taking any nssigned number of them, lees than the 
whole at a time. It does not icgniHl the relative ftositjons of tl>o 



number of membera in it, and that, in every group, in every instance, 
there shall be a like number of momhers. ft exacts, tlieruforo, that 
no two groups shall be composed of precisely the same memljers. 



KiiLE. — Take a scries of numbers beginningwUh that which is 
equal to the number of things from which the combinations arc tii 
be made, and deereaaing by 1, continually, until Wie number of 
terms ts oqual to the nnmber of things that are to be taken at a time, 
and find the product of those numbers or terms. Then take the natural 
scries, 1,2, 3,4, &c.,up to the number of things that are to betaken 
at a time, and find tho product of that series. Lastly, divide the 
product first foand by the product last found, and tho quotient will 
express the number of combinations that can be made. 

EiAMPM. — What number of combinations can bo uiiuJe froin 8 
difibrent things, bj taking 4 of them at a time ? 
8X7X0X 5 _»).„. 

Ixaxax-i 24 "'"■ ""■'■ 
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WIi:it nimiljor, bj taMng 5 of thcra at ii time ? 
8X7X CX5X4 C720 
1X2X3X4X5" 120 "»"■ '"■ 

What number, by taking 3 of tbein at a time 1 
8 X7XC „336 „ , 

Txaxs'TT-'"- "'"■ 

Example. — What number of combinations can bo made from 5 
diffurent tilings, bj tailing tliroe of tbein at a time ? 
5X4X3 CO 
1X2^=0 = 10- ^-- 
Wliat number, by taking 2 of thom at a time ! 

1X2 2 
Eka)ipi.e, — Form 5 letters, a, *, e, (/, e, into lOcombiiiations of 2 
letlfiFH each ; tbat is, into 10 unlike groups of two letters each. 
dJ, ac, lul, ae, Lc, bd, l/e, cd, ce, dc. Arts. 
Form them into the greatest number of eombtnations pOBBible, in 
oolloctions of three eaeii. 

aiic, alid, <Ae, arj, ace, ode, bed, hcc, Ixk, cde. An^- 
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FOREIGN MONEYS OF ACCOUNT, COINS, WEIGHTS, 
AND MEASURES, 



MEASUKGS OF THE UNITED 

Toe raany changes that have been mad n b m n 
count, coins, weights, and measures of diff re tr by 

tJieir respective governments, within tho w ye. h il 

though not in all cases, by the adoption h M S 

SstuQtB beating aliquot relations thi>j'eto, ha m d tb. 
or to re-write this section of the work, a » grea n oas n 

tlie first edition was published; aDd it i b uten n d h 
edition, and subsequent editions tiiat may b p b h h 
tiun tiiis seclioa strictiy correct in all pa th tim 

going to tbe pres^ 

'ISe Federal units of comparison in the w g 

otheririso expressed, are as follows ; viz. h d U 
in gold; the commercial or avoirdupois pounrf, of 7000 g aine, the 
commercial yard, of 3G inches; Hie commercial or wine gaUon, 
of 231 cubic indies; die commercial or Winchester bushel, of 
2150^^ cubic inches; the standard foot, of 12 inches; tlie statute 
foMe, statute acre, Slc. 

'XTie value in Federal money, therefore, affixed to any pai-ticulav 
denomination of a foreign money of account in the following 
tables, is tho equivalent, or intrinsic par, of that denomination 
in United-States gold coins. It is preaicaled upon the standard 
weight and purity of the coins coined especially to represent tbit 
denomination, or conventionally held to be the measure of its 
value, compared witii the standard weight and parity of the gold 
coins of dio Unitod States, that represent the dollar or its multi- 

Thus, in respect to those countries in which gold is made tho 
lauro of value and chief legal tender, it is the irOrlnm par, 
1 for gold; and, in respect to those countries in which silver is 
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made the measure of value and chief l^al tender, it is the par 
value of that denomination ia Unitfid-Statea gold coins, based 
upon the almost constantly prev^ing relative commercial values 
for many years past, of gold to silver, as 15| to 1, for equal weights. 
It 13, therefore, in a commei'cial point of view, ihe intrinsie par of 
that denomination, in Federal g^d coins, in all cases. 

The denomination itself, to which the Federal value is imme- 
diately affixed, ia usually the integer, or ultunate money of aoz 
count, of the country especially referred to. It ia a money of 
account in that country always, but not always the name of a cir- 
culating coin. Occasionally, even, its value la not represented by 
any known angle circulating coin. 

From the foregoing remarks, it will be perceived that, when the 
minlage relative values of gold to silver, in any particular country, 
are maintained at rates nearer to eadi other than 15| to 1 for 
equal weights, tie gold coins of that country are commonly worth 
more, as commerci^ material, than its silver coins of th^ same de- 
nominaUons, or same prescribed values ; and, conversely, that when 
the mintage relative values are limited to rates more remote from 
each other than 15^ to 1, the gold coins arc commonly worth loss 
than the silver coins. 

Thus, the Federal dollar, in standard sUeer coins, is ordinarily 
. worth, as commercial material, but 14.88372 -^ 15.375 = 96^ cents 
in Federal gold crans. But, since most Governments make silver 
the chief measure of value, the mint value of gold is usually pur- 
posely placed above its commercial worth. Thus, twenty francs 
in French gold coins are ordinanly worth, as commercial material, 
bnt 15.375 X 20 -H 15.5 = 19.8387 francs in French silver coins. 

It is true that the silver coins of the United States, in small 
sums, for immediate nse, in limited localities at home, may occa- 
sionally sell in exchange for the gold coins at their nominal values, 
or even at a premium, according to the local demand and supply ; 
and the same may happen with regard to the gold coins in ex- 
change for the silver, m Franco, and those other countries where 
gold la purposely over-valued in the mintage ; but these conditions 
do not affect the general commercial relations of the metals ; they 
are due only to a slight derangement in the required distributions 
of the two kinds of coins. 

In Germany and Austria, the mint relative values of gold and 
silver for the Zollverein money, are as 15| to 1, for equal 
weights. 
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Foreign. TJ. Stales. 

ABYSSINIA, (E. Apbica).— MtssuoA.- The old 
Venetian zechino (sequin) ia current here at 60 
harfs ; aud 23 harfa ;= 1 pataka, or old Spanish 

dollar, = 11.01385 

Austrian rix-dollars and Spanish dollars are cur- 
rent' here at 1 pataka each. 

NiME.— Theold peso dnro colon ato, or Carolug silver dollar of Bpaln, con- 
tained, at mint tisiige, 416 graiDe of mint silver || fins = tl.a41353; bnC It is no 
lonstT struck st tho lalut, and Cliose in olrculaHon are more or loss abradod. It 
ts now valued, tJirouBliout tbe British Posaasslons in Nbrlh America, and gen- 
orallv, wborover it Diranlales by ta!o, or ia mads tho inlcaar of t^e moneys of 
tiocount, at 50 pence sWrUng fn gold = (1.01335^2. The Anstrinn rli-dolliir 
(tallaro), scudo, or crown, whleb, by tbe way, has not been coined sljice 1S58, 

or Ml.U grains = JI.0I14911. This Is oflea oaliedihe German dollar; and tbe 
Venetian dollar is of tbe Koae value. 

ALGEaiA (N. AeiticA). — Algiers, Bona, J'c; 100 

ccntiniea =: 1 Franc - , - - - =: 0.19453 

ARABIA. — Muscat: 20 goz =r 1 mamcwda, 20 ni.;= 

1 current Spanish dollar _ . . z= 1.01385 

Note.— 1 gos=:2paras, aad Imamoodasil piastre of Egypt. Sec EGVrT. 
Mocha, Hodeida : 3 crats r= 1 eoramasse ; 60 c. = I 
Mexican or Spanish dollar by tale ;= 360 grains 

of fine silver, =1.00838 

IGO crats = 1 wakoga or troy ounce (gold and 
silver weight). 
Jidda: Same as at Alexandria, Egypt. 
Aden: 80 caveera =:. 1 piastre of account =: f cur- 

roDt Spanish dollar, - . . . ^0,84183 

Aleo, as at Calcutta. Official, as in Great Brttiuu. 
AUSTRALIA. — Sidney, Melbourne, Hobitrt Town, 
and A ustrtdasia generally : 
Standard of purity, denominations, values, and 
relative values, since 1855, soiao as in Great 
Britain. 
AUSTRIA. — Vienna, Prague, Trieste, Ra^vsa, ^c. 
Zollverdn money: Standard for gold and sil- 
ver coins i^ -^ fine, eacli ; relative values, 
gold to silver as 15.375 (o 1. 
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4 a SORBION MONETS OH ACCODST. 

Foreign. U. States. 

4 pfenninge = 1 ireuzer ; flO i. ^ 1 gulden, or 
florin = -A Zollverein pfund (11^ grams) of 
fineMlvOT, orlT1.471graina, - - - = $0.4803 

1>^ guidon = 1 Zollverein thaler; 1107 gulden 
= 80 ZoU. krones ; 81 gulden = 200 francs ; TJ. 
S. Customs value of gmden ^ 
AZORB ISLANDS.— Fa^ Terceira, Corvo, St Mi- 
chael, §-c. ; 
1000 reis ^ 1 milrcis of account =; | old cur- 
rent Spanish dollar, - - - - = 0.84488 
U. 8, Cusfams value = 83^ cents. 
Note. — In IBM, English eovereigaa and Spanish dollnrs were made logaT 
lender bere aucl at the Madeii^ ; the former at the rate, of 41S) rela. aad thR lat- 
ter aC STO rela, each, which corrosponde v«r; Dearly iritb their lutrlnalc values 
In standard rortugaese gold colna. 

BALEARIC ISLANDS. — Majorca, Palma; Mi- 
norca, Port Mahim ; Same as new system in 
Spain, see SpaiA. 
BELGIUM. — Brussels, Anltverp, Oslead, ^c. . Stan- 
dard for gold and silver coins ^ -^ fine, each. 
Relative values, gold to silver as 15 8228* to 1- 
100 centimes ^ i Franc =: 4J^ graninies of fine 

silver, - - -, - - - =0 19452 

BERBERA (B. Africa.): Same ae at Mo^ha, 

Arabia. • 

BERMUDA ISLANDS. — Official, as in Great Brit- 
ain. In. trade, 100 cents ^ 1 dollar = 1 old 
current Spanish peso, or 50 pence sterling iu 

gold, - =J.01385 

Note.— At the Bermudas. In Britloh Americft, and other BciUah foreign poe- 
Bosslons generally, official or government aocountg arc kept, and dntles to the 
government are assessed. In sterling money ; hat an^l 1942 this elass of aceounta 
were kept ntthe Bermudas and Jamaica, In pounds, shillings, and pence, at 13 
shilUnga sterling; to the pound, when It was ordered that hcreafl^r Uiey be kept 

the rate of -I pound elertlDg per coJonlal ponad. 

BOURBON ISLAND. — St. Denis : 100 centimes = 1 

franc =0.19452 

» Although the silver coins of Belgium, hoth hy law and general usago, have 
the same Intrinsic values as those of Franco of the same denominatlona, yet Ihia 
rule does not hold good with regard to the gold coins. The mint Btandard tbr 
25 francs of Franco is 8^ gramraee of mint gold A fiae, -while that for 23 
francs of Belgium la only 7 A grammes of mint gold X flue ; and so In piwpor- 
«on for the other gold coina. 25 ftanca, French mint, are worth t4.a23818, while 
the 2S-franc piece, Belglc mint, Is worth only (i.J2D« ; In other words, (he Bel- 
glc gold colDB are leaa In VHlne two cen^mes per trsavi Ihan the French geld 
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ro&EIGN M0NET3 OF aCCMNT. OO 

Foreim. U. Stales. 

CANADA, DOMINION OP, and British America 
generally : Standard for silver coina (20-cent 
pieces or Colonial ahillings) =z 4J fine ; for gold 
coins (British sovereign^ = ^ fine. Belativc 
values, gold to silver as 14.341 to 1. 
100 cents = 1 dollar colonial, - - - = $1.00 

Also, 4 farthings =t 1 penny ; 1 2 p. = 1 shilling ; 

20 B. ^ 1 pound colonial, - - - = 4.00 

NOTH.— The BtBndBrd a>-ocnt pleae, or eolonlal silver ehllUng, of British 
America, contains 6G| groine of fine silver, sad is, Iherefbre, WDrlhonl}-lS.e&& 
Federal cents la Federal gold coins, or 19,2708 Federal cents In Federal silver 
coIub. But thn monev of accounl ahllllQK in BriUeb Anierien la eqoAl to 20 Fed- 
eral cents in gold ; tliDg, tbo Biltieb pound sterling in gold, the Brt Ush sovereign. 

Is equal to *4.S6B5 In gold; and tliB BhiUinga Ir "— ' ' — 

24.3325 Federal cents, each, (a gold; therefore, 
vnlue of the colonial pnuod In FederiJ money (goW^ 
In, British standard gold. SeeCANiDi, page aBl. 

CANARY ISLANDS. — Teneriffe, Pobna, Grand 
Conor'/, Fiiert4venUtra, ^e. : Official aa in Spain ; 
in trade, occasionally, 8 re^ls (antiqnas) of 34 
maravedes each = 1 piastre, or peso of ex- 
change, =0.75023 

CANDI ISLAND. — Same aa in Turkay. 

CAPE OF GOOD HOPE (S. Africa). — Cape 
Town, ire.: Same as in Great Britain. 

CAFE VEEDB ISLANDS. — St. Vincent, Min- 
delh; St. Jago, Porio Praya, ^c. : 
1000 reia = 1 milreis. Old Spanish dollars are 
current here at 870 reia. 

Central and South America. 
CENTRAL AMERICA. — Hondcras, Truxillo, 
Port San Lweriio, Omoa, Ife.; Nicaragua, 
Eealejo, Greylovm, §-c.; Sas Salvador, La 
Union, SonsoiuOe, ^c; Costa Rica, Punias 
Arenas, MaHna, §-c. ; Go atemala, Yslapa, §-c. .• 
Standard for silver coins (dollars) — ^ Castil- 
ian marco of silver ^JJ fine, or ^ marco of fine 
silver to the dollar ; for gold coins (double escu- 
dos of 32 refils) =: ^^y Caatiiian marco of gold 
'J^ fine. Relative values, gold to silver as 
6.5614 to I. 

100 centavoa or 8 refils = 1 dollar = 355.08 
grains of fine silver, - ■ - - =; 0.094G 

Spanish dollars and tl. S. gold coins circulate 
here, dollar for ddlar. 



ffie 
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MONEYS OF iCCOCNT. 

Foreiyn. U. Stales. 

Balize, Balke: Offluial a<^counts arc kept here in 
sterling money. 

SOUTH AMERICA. — Peru, CaUao, IsUty, Tmx- 
Ulo, Arha, §■£.; Chili, VaJpatako, Concepcion^ 
Coquimho, g-c; Nbw Gkanada, Cartagena, 
Santa Martha, SavanUlo, Buenaventura, S^c; 
Ecuador, Gvayaqml, g-c. The prescribed 
standard for the mintage of these Stat«a la now 
in conformity with that of France, and there is 
strong probability that Brazil, and the other 
States in Soulh America having mints, will 
soon adopt the same standard. Standard for 
gold and silver coins = ^ fine, each. EelatiTe 
values, gold to silver as 15^ to 1. 
100 cents ^: 1 sol, or dollar =: 22j grammes of 

fine silver, ... - - — fO.SHGl 

Also, 100 centcsimas = 1 duro or old Spanish 

dollar, — 1.01385 

Bbazil. — ICio Janeiro, Maranham, Bakia, Para, 
Pemambuco, ^c. : Standard for. silver coins ^^ 
■ A Castilian marco of silver ^ fine per milreis ; 
tor gold coins =^ yiy Castilian marco of gold 
\it fine per 10 milreis. Eclativo values, gold to 
silver as 14.305SG to 1. 
lOOO reis = 1 milreis = 180.8278 grains fine sil- 
ver, - - - . - - = 0.50651 
A current Spanish dollar passes for 2 milreis of 
account, and the modem gold coins (10 milreis 
and 30 milreis) = $0^44375 per milreis. 

Bolivia. — Cobija, Ifc: Standard for silver coins 
(dollars) ^ ^ marco of silver \^ fine ; for gold 



circulation has, at present, n< 

lation to the silver coins. 

100 centavos ~ I dollar ^ 288.03478 grains of 

fine silver, - - - - - :^ 0.7929 

Note,— The gold colne of Bolivia are oflen light of weight, and aeldoT 

range abovo ^ flue. Tho sllvor doliaiB are UBUails- mintea at full weight, hi 

arc oftoD but Little if any above A ^"^ 'E'l"* A'aetional sllvor colna are wort 

teee, relallvol;, tliBn tho Integer. 

Vkbezpela. — La Guayra, Maracaybo, Cumana,Pn- 
erlo Caiiello, ^c. : In Venezuela, as in Peru, Sc, 
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Foreign. U. Slates. 

tiie silver S-franc piece of Prance is made the 
measuring unit of vaJue, and is divided into 100 
centavos. In the moneys of account, however, 
the peso maciiquins of 80 centavos is sometimes 
used; and one doiiar in United- States sold coin 
is nesutned to be wortJi 7 cents more than G m1- 
ver france, ivhich is the case at the metal ratio 
of gold to silver as 16.0!!)4 to 1, for equal 
weights. Hence, 1 peso fuerte Americano de 
premio = ^-^ = $1.3375, measured by tlio 
peso macnqmns. 
AitoENTiNB Republic. — Buenos Ayres, Pta-ana, §■<;. ; 
Ukughat, Montevideo, §-c.; Paraguay, As- 
suinption, Neembueu, ffc. : 
" ■ »n gold and silver coins circulate here meas- 
d generally by lie Spanish dollar ; 10 deci- 
mo3 = 1 redl ; 8 r. = 1 peso. 
Guiana, Cayenne: Same as in France. 
Parantaribo : Ssime as in Holland. 
Georgetoiim : 100 cents = 1 dollar = SOtl sterling. 
Falkland Islands. — Same as in Great Britain. 
CHINA. — Canton, Shangliai, Amoy, Ningpo, Foodioo, 
Hongkong I., Macao i 
Standard for gold and silver ingots =; 94 touch, or 
A^ fine, each. Gold is not treated as money. 
But AS merchandise. , 
10 cash or le Es 1 candarinc or fun ; 10 c. :^ 1 
mace or tsocn; 10 m. ^= 1 tael or leiing =: 
583i grains of silvor -AV ^"^' '"' ^^^i grains of 

fine silver, =S1.5S59I 

If OTE. —Mexican dollars, wlileh are about Uio only coins, oxccpt copper cash, 
tlisl drcnlate in China, on nccoaot of their convenience genarally, bear b prc- 
tniiim well laid on, upon their inlrlnBio worOi. They oonunonly pass for ahout 
l^i condarlnes each, or -^x of the taei In ingota of standard parity. A tael 
weight or lefine as It is called liy Ihe natives, of wan-ytn or sysce fsee-sze) 
eilvi^r, that 18,0781^^1111 lioc as sill, or that may he drawn Into n tlrcod as 
nno as eilk (pnto BilTor), is valued hy the East India Company at 80 pence 
sterling. In London, It is commonly valued 1>y the prico per ounce paid at the 
mill t for the line silver In fbrelgn silver coins, wbieh n about 00 pence slerllnE, ot 
S&^MM t^ 80.S pence BteTling per tael. In 1IB9, Ihe Caiisress of the United 
Stales filed tlio valuo of the tael, In Ingots of standard pnrity, for euaionia' pur- 
poses, at *1.48; but this was when silver was Ihe measure of value In the 
IJtilled Stales, and when the dollar contMnod 3Ili grains of flno metal. The 
law, it Is believed, has not been repealed. 

CORSICA ISLAND. — AJaccio: 100 centimes^ 1 

franc, =0.10452 
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go FOBBIOS MOMETS OF ACCODNT. 

Foreign. U. States 

CYPRUS ISLAND. — Same aa in Turkey. 
DENMARK. — Copenio^an, EUinore, Odense, ^c: 
Standard for Bilvcr eoins := ^^ fine. 
16 fikiliinge =: 1 mark ; 6 m. 1 ngedaler ^ jjfj 
Cologne mark of mint silver := A former ape- 
ciesdaler = 135.1233 grains fine silver, - =: $0.54GS52 
U. S. Customs value of epeciesdaler = $1.05. 
NorE. — Donmark cotns diicsla and e-tbalcr und 10-llislur gold pieces; bnt 
Uipae and the BpeclEadalBf have no prcmoBcd ni'-- —'-"-- •- — ■■ -"— ""■" 



.ry value of thai denomination ot colas ; imd tbe lO-thsler 
piece Is designedly and practically of tlio same Intrinafc value as thni "t Wnnh 
Clermany; vlz.| equal ta ten BTomon_ Hi altera In Bllver_at the mclal n 



leslgnedly 
)r 'equal, Ht the eommoa pAT of exchimgo. In 97.90005 In gold. 

EGYPT (N. Afbica). — Cairo, Alexandria, Sues, 



^c. : 40 paras ^ 1 piastre ; in current gi 

= *0.0499fi64T; in current silver coins = 

$0.05054979. 



(20 francs In ^H) at 



. „... — ,j,,eacli; Spanish doublt ,... — ,— ,, — _, 

'rancslne^>ld)atT7pl.,6pa.; Venetian SGiiDlnaat46pl.,13pa.: Duleh do- 
aH5 pi., 30 pa. ; (allaros? Herman dollats) at 20 pi. ; colonatos (Spanish dol- 

) at 20 pl.,3SpB.; e-frana pieces at 19 pi., 10 pa. The measure of value Is 

I oka-drachmaa of fine diver to Ibo plaalre = 2| Ahysslnlan dlihem or 18 troy 
grains ^ (O.OIiOfmDff, 

FKANCE. — Standard for gold and silver coins^.^ 
fine, each. Relative values, gold to silver aa 
ISJtol. 
10 centimes = 1 decim ; 10 d. ^ I frane = 4J . 

grammes of fine silver, - . . =0.19452 

In practice, 100 centimes = 1 franc. U- 8. Cus- 
toms value = 80.186. 
GERMANY (The ZoUverdn Stales, or North Ger- 
man Confederation) ; PnoasiA, Saxont, 
Mecslenbukg, Oldenbuko, the Haksb 
CiTisa, §■& ZoUverein money: Standard for 
gold and silver coins =: ^ fine, each. Rela- 
tive values, gold to silver aa 15.375 to 1, 
12 pfennigo = 1 silbor groachen ; 30 s. g. = 1 
thaler 7= ^ ZoUverein pfund (16| grams) of 
fine silver, or 257.2058 grains, - - =0.72045 

369 ZoUverein thalers = 40 ZoUverein krones; 
1 Zoll. krone ^-^ ZoUverein pfiind (10 grams) 
of fine gold, or 154.3235 grwns = $6.64614 ; 
27 thalers = 100 francs. 
U. 8. Customs value of thaler ^^ 

Note. — ^lony reckons 10 pibnnige to Ihe groechen. 
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Bremen, (special): 5 schwarcn = I groot; 72 g. =: 

1 thaler = \ old Frederic d'or, -=tO.70G19 

U. S. Customs value = TSJ cents, 
Hamburg, Lubec, ACtona (special): 12 pfennige = 

1 sdiilling; 16 s. =^ 1 mark. 
1 loarc current — ^ Cologne mark of fine eilver, = 0,288S9 
I marc banco, at par (Loudon rate of 13m. 12s. 

tothe£.), . , - - . =0.35398 

U, S. Cuatoms value of mark current =^ 28 cents; 

of mark banco = 36 cents. 
Southern Slates. — Bavaria, WuitiKMBtTBG, Ba- 

DEtT, ^c. .■ Standard for silver coins ^= -X fine 
4 pfennige =: 1 krcuzer; GO k. =: 1 gulden or 

florin = ^^-g ZolL pfund of fine wlver (Sli\ 

grams) or 146.975 grains, - . - =0.41109 

7 gulden =:^ 4 ZoUvorein thalers; 189 guldens; 

400 francs. 
TJ. S. Customs value of gulden = 40 cents. 
GREAT BRITAIN. — Sferiinffnwney: Standard for 

silver coins = |J- fine j for gold coins = ^^ fine, 

Eelative values, gold to silver na 14.287891 to 1. 
4 fartjiings = I penny; 12 p, 1 shilling; 20 s, zrz 

1 pound, . . - . . =4.80656 

U, S. Customs value = $4.84. 

Note. — Blnce 1816, the Qoverninonl of Oront BritalD has osHmutea the value 
of gold compnred wllh that o( Bilver as U+MS •» ^' '"' t^"*! wclghta. Tn 
tlicorj-. ]>j Ihc mint reglilflllona, a pound sterimg la cqaiilto 1C14A grains of 
flno ellvcr, or 113-4- g'alns of fine gold. A pound slovling In siIti*, thero- 
nirr, mEosiirca by ihc'Vndtral slalidard of 345f gralne of flne silver lu thu dol- 
lar.la uqnBI to S4Hf <" FodcrnI ellcer coins; or a Blandard sllvor alillUng, 
mciuurod by this mensaM. U equal Va 23 ^ centa ; and at Ihc olMlnary par of 
tsthangeitlH worfh $0.220122, very noarly.luFediTal gold coin. Hut a ponnd 
etoiling la Brttlah gold (a soreMign) maaenrod by Ihc FacJeral ataiirlucd of 23-^^ 
graing of flno gold to the dollar.la oqunl lo $44|f |g|, or $4.S66G68S3», 
very nearly, In Fedltal gold coins. At Sie fViraier rclatlvo valaea of the two 
currencies, or relative v^es before tbe S'cderal Blandard waH changed, In 1834, 
viz., 4 ahitlings and 8 pence ateriing to the dollar, or ti-4ii to (he pmtad, tho 
par of exchange Is .094eS, or {>J per cent, nroetlcalty, )n faTor of sterling money. 
Gold iHtbe measure of value In Great Britain, as well as In the United Slates; 



GREECE. — Athens, PatrM, lie /onion Islands, l^c.r 
Standard for gold and silver coins = -^ fine, 
eacli. Relative values, gold to silver as 15.549 



100 lepta =; 1 dramia — 
^ver, or 62^ grains, 
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lOa rOltEICIN UONGES OF ACCODN!^. 

Fureij/n. U. Slates. 

5 dramias ^^ 1 taliron. 30 dramias (gold) ;= 1 

otLonion = $3.44137, 
100 oboli ^1 Spanish, German, or Venetian dol- 
lar = $1.01385. 
Note. — GreocB ia a party to tho prcecnt raOTcmBnt (1889) t9 Icgnliie and en- 
force the U88 of thB metric sj-slem gf moneyB, welghle, uud meaauces, tlirongh- 
out ConUnenlal Europe, 

HOLLAND (Netherlands). — Amslerdam, Rotter- 
dam, The Hague, Ifc. : 

Standard for silver coins ^= J4| fine; for gold 
eoin3:= ^ fine. Eaiative values, gold to silver 
as 15.7333 to I. 

100 centiines= 1 guilder or fiorin = 10 grams of 

mint silver, - - - - ■ -=iS0.40806 

Gouden Willem (10 guilders) =: 6f grams of mint 
gold = $3.98769. 

U. S. Customs value of guilder rr: 40 cents. 
HAWAIIAN OR SANDWICH ISLANDS. — flbno- 
Mti, ffc. ; 

100 cents = 1 dollar, - - - - = 1.00 

Ttidia and McUaysia, or East Indies^ 
HiSDOSTAN. — Benqai., Madras, Bombay, Presi- 
dencies of: Standard for gold and silver coins 
^ ^ fine, each. Relative values, gold to silver 
as 15 to 1. 
Calculla, Madras, Rangoon, §■«..■ 12 pice=: 1 nnna; 
16 a. i= I rupees: 1 tola, or 180 grains of mint 
silver, r= ^ old sleea rupee, ... =:0.J0217 
1 mohur, or gold rupee (B. I. Co.), = 15 silver 
rupees in tlieory ^: 1 tflla of mint gold, or 1G5 
er^ns of fine gold, = $7.10594. 
Bon&iy, Sural, §-o. ; 100 reasr= 1 quarter; 4 q. = 

1 rupee, =0.40217 

U. S. Customs value of rupee = 44J cents. 
Madras, l^c. (old usi^) : 48 jittas = l fanam; SG f. 
= 1 star pagoda =: 4 arcot, or Company ru- 
pees, - - - - - - = 1.848G3 

48jittas =: 1 fanam; 30 f. =; 1 India pagoda::^ 8 

Ehillings sterling in gold, - - - ' = 1.9466 

U. S, Customs v^uo of star pagoda=:$1.84 ; of 
Indian pt^oda, ^ $1.94. 
Goa: Official, same as in Portugal. 
I'ondicMrr'j ; Same as in France. 
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^BEIflN UONEVa 0^ ACCOUHV. all 

Foreign, U. States. 

Ceylon Island. — Cohmho, Tnncomalee, Ifc: Offi- 
cial, same aa In Great Britaio ; also, 1 rixdaal- 
der= ISd.; 1 Spanish dollar ^ 50(/.; 1 rupee 
= 22d., Btorling. 

Malaya. — Malacca, Pdhang, Perdk, ^c: Same as 
at Singapore. 

I'&NANQ Island. — Same as in Calcutta; also, 100 
cents = I Spanish dollar. 

SiAM. — Bangkok, ^c: 4 prangs, or clams, = 1 som- 
pay ; 4 s. ^ 1 salung ; 4 aalungs = 1 tical ^= 
1 tical weight of silver 93 touch, or ^ fine, - = $0.G1G53 
U. 8. Customa value of tical =^61 cents. 

Singapore Island. — Singapore: 100 conla =: 1 

dollar (old Spanish), - - - - =: 1.01385 

Basoa Island. — Same as at Batavia (Java I.). 

Borneo Island. — Banjermassiit, Sarawak, §-c. : 
C!enerally as at Batavia. 

Celebes Island. — Macassar, &nd the other Dutch 
settlements : Same as at Batavia. 

Java Island. — Batavia, Samarang, ^c. : 100 cents 

= 1 guilder, = 0.40806 

Mexican dollars are current here at 2^ guilders, 

Molucca Islands. — Ambogna, /^c; Same as at 

Batavia (Java I.), 
.Phiuppink Islands. — Luzon, Manila, Mindano, . 
^c: Official, as in Spain; also, 34 maravedis 
= 1 reil ; 8 r. = 1 peso, or dollar, - -= 1.00465 

Sumatra Island. — Bencookn, Padang : Official, as 
at Batavia; also, 6 satellers t= 1 soocoo; 4 s. 
= 1 dollar, or rial, = 1 pardow of Aeheen, 
Acheen : 16 copangs =^ 1 mace ; 10 maee of fine sil- 
ver, or 374.306 troy grains = 1 pardow, -= 1.04846 
Mejiican and Spanish dollars pass for 1 pardow, 

ITALY. — The recent formation of the several States in Italy in- 
to one kingdom. Borne and in its immediate vicinity only excepted, 
has had the efiect to unify the moneys and moneys of account in 
that portion of Europe also; and now, throughout Italy proper, 
or the Kingdom of Italy, including the Island of Sicily and that 
of Sardinia, the official monetary system, with a slight difference 



n nomenclature, is identically the same as that of Frai 

Standard for gold and silver coins ^ -^ fine, cf 

Relative vSues, gold ta silver as 15| to 1. 
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12a FOKBIGN MONEYS OF ACCOCST. 

Foreign. U. Statet. 

100 centeraiai = 1 Urn, or franco, = 4^ grams of 
fine eiher, (See Sicily, page a 51.) - = 80.19452 

JAPAN. — Yeddo, Miaco, Osaka, Simoda, Haiodadi, 
Nagasaki, Yokohama, Matsmay, Napa, g-c..- 
Neio System: Standard for silver coins (aBsay) 
= ^ fine ; for gold cdns = ^ fine. Keiar 
tive values, gold to silver (aseuming the cobang 
to represent 10 wlveritzebous) as 15.01877 to 1, 

50 sen = 1 iteebou, or ilchibou (often called loo) 
^ 5 monme of mint silver, or ^^ monme of fine 
silver = 119.1888 grains, - - - =0.33S855 



1 cobang contains Af monme of mint g 
79.35992 grdns of fine 



'2 grdns 01 fine gold, - - - =8.417744 

u . S. Customs value of itzebou ^ 

Note.— Meiioan dollare dfroulMe in Jspnn, commonly nt 2.8T to 2,90 UaobOB. 
OMh; but they are iHtrlnaleaHy WOIlIi over 3 Itieboue, each, bj Iflle. 

LIBERIA (W. Africa). — Monroim,^c.: Same as 

in the United States. 
MADEIRA ISLANDa — Funcftai, §-c.; 1000 raa 

= 1 milreis of account, - - - =^ 1.01385 

See Azore Islaniia, not* relative to. 
U. S. Cuatoma value of milreis = 81.00. 
MALTA ISLAND.— FufcHa, ^.! Official, as in 
Great Britain ; also, 20 grani = 1 taro ; 13 t. 
= 1 sciido = j ducat of Naples, - - ^=0,41371 

U. S. Customs value of scudo = 40 cents. 
MAUEITIUS ISLAND.— Por/ Lrmis, ^c: Official, 
as in Great Britain ; also, 100 cents=^ 1 dollar, 
Tallaros of Austria and silver Napoleons (5- 
frane pieces of France) are current here at 1 
dollar each; Spanish pesos and Mexican dol- 
lars, at 53 pence sterling each. 
MEXICO. — Acapvlco, MazaUan, San Bias, Cam- 
peachy, Tampieo, Sisal, Vera Cruz, S^. ; 
Standard for silver coins (dollars, average by aa- 
say) ^ 416.15 grains -^ fine; for golil coins 
(doubloons, average by assay) ^^ 41C.4 grains 
Ij^f fine. Relative values, gold to silver as 
16.618192 to 1. 
100 cents ^ 1 dollar ; also, 6 grani = I cunrto; 
2 c. ;= 1 medio; 2 m. ^ 1 reJil ; 8 r. = 1 dollar 
= 374.535 gTMns of fine silver, - - =1.0491 

NOTE.~TheMeiloanmarco = 3»40,Sl Brains; and llw stanilard BUvcrdollw 
rf,oi,ld vie\eh SA.i.tm-'^JJL^UGA grain-. 
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EORinflfl HOMBSS OF AOOOvai. alZ 

Foreign. U. Slates. 

MOROCCO (N. Afbica) — Morocco, Fez, Tanskr, 
^c: 24flQce = l blankeol; 10 b. = l meticaii 
4 m, = 1 oncia or ducat = i metjoala weight of 
fino silver, or 295.3848 grMns= 1 old standard 
ducat of Naples, ... -=|0.82739 

MOZAMBIQUE (B. ArTtJCA). ~ Mozamhique, QuU- 
imane. So/ah, DdagoaBay, §-c.; 100l)rds=l 
milrcis of account. 

Note.— A variety of (orrfgneoinsnroonrront here, and many of them wide 
of Ibtittnioraluee; viz., anonlsb ani Mesicainiollarfl ot 1000 reis, en^h ; ailvcr 
e-frano pieoea of Fronoo anff Unitea-atalea gold coins per dollnr nt 900 rcis, OBoli ; 
Bponieh dnabloous uC 17130 tola, patriot donbiooos at lOOOD rels; and Britieb 
eaverelgiia at 1600 rcis, eaeh. 

HORWAT.— CArisfMnid, Bergen, ^c: Standard for 
silver coina = ^A fine. 
20 skillinge r= 1 mark ; 6 m. = l Bpeeiesdalori^ 
2 rixdalcrs = j^ Cologne mark of mint mIvct 
or 300.2405 grains of fine silver, - - =1.0031 

Note.— Norwny and Sweden mo about to coin gold of W and 20 franca. 

NL'BIA (B. Afkica), — Swofcifi, g-o. ; Same as at 
Alexandria, EctpI. 

REKSIA. — BusAire, Gomhroon, AstrtMd, ffc: 100 
mamoodia, or 50 abasae, = 1 toman =; J miaoal 
weight of Cno gold, or 49.23077 graiae, - = 2.12019 

6 dinars ^ 1 kasbequis ; 2 k. = 1 dinars-biste ; 2 
d.-b. = 1 Bhatree, ahafree, or shabis ; 28. = 1 
mamoodi ; 2 m. =^ 1 abaase ; 2)^ a. i= 1 papa- 
bat ; 2 p. ^= 1 sahcb-kcran. 

Note.— Foreign gold and eiWer eoina In great variety clrcniate In I*or9la, but 

PORTUGAL. — Zisfian, Oporlo, St. XJbes, §-c..- Stan- 
dard for gold coins (coroas) =^ ^ mavco of 
gold W fine ; for silver coina ^crusados) =; -}g 
marco of alvor -^^ fino. Relative values, gold 
to silver aa 14.72524 to 1. 
1000 reia=::l milreis = 2 crusadoe = 39S.4237 



a and 750 xi 
U. S. Customs value of inilrcis = 81.12. 
Note. —In commercial trannacllona, lately, Meiican 
for 1 milrcls eaob, and United-Stales gold coins »l 970 rol 
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lia FOREIOM MOSEYS 0! ACCOtHT. 



Foi'eiyn. IT. Stales. 

ROME and CicUa Vecchia: Standard for gold and 
silver coins ^ -A fine, each. KelaUve values, 
gold to silver as "-"f jf^ = 15.43367 to 1. 
5 quatrini 1= 1 baioebo; 10 b. = l paoIo; 10 p. 

^^1 Bcudo, or crown, ^=24^ grams of fine silver— $1.04609 
The gold coins are 2i> 6, and 10 seudo pieces, and 
- contain \^^ grams of fine gold per scudo. 
U. S. Customs value of Beudo = S1.05. 
RUSSIA. — St. Petersburg, Riga, Cronstadt, Odessa, 
§•0. : Standard for silver coins = J- fine ; for gold 
coins (assay) = |f f fine. KelatiTe values, gold 
to silver as 15.17295 to 1. 
10 kopecks = 1 grioven; 10 g.:=lrublyu (rou- 
ble) = ^fj funt of fine wlver, or 280.19 grains = 0.78483 
In practice, 100 kopecks =^ 1 rouble, 
100 Sliver roubles = 360 bank or paper roubles. 
Bank rouble varies from par to 4 per cent pre- 

U. S. Customs value of silver rouble =: 75 cents. 
SENEGAMBIA (W. Apkica). — GamWo, Bathwst, 
Sierre Leone, ^c. : OffidaJ, as in Great Britain. 
St. Louis : Official, as in. France. 
SOCOTKA ISLAND.— Same as at Muscat, Arabia. 
SPAIN. — Madrid, Malaga, Cadiz, Saniandre, BUboa, 
BarcehnOr ^C. : N^ew system, legalized Oct. 1 9, 
1868, and its use made obligatory to the exclu- 
sion of all other systems after Dee. 31, 1870. 
Standard for gold coins = ^ fine ; for silver 
coins (5-peseta pieces, duros, or pesos) =; A- 
fine ; 1-peseta pieces and less ^= WJ- fine. Eel- 
ative values, gold to silver (duros) as 15^ to 1. 
100 centesimas = 1 peseta = 4^ ^amos of fine 

silver r=l franc of France, " - - -=0,19452 

Note. — In tliis Bystcra tho pesetn of ooeount is equal to 1 eilver frano of 

France; and llie S-peeeta sUver aoinlB equal to 6 francs In eilver of France; but 

tho 1-peseta coin Is irortb but ta.l8D4T. The gold coins are vorth peseta fur 

tiaa\a In gold. 

Prevailhw system last preceding the foregoing : Stan- 
dard for silver coins (esoudos of 10 redis volWn) 
= ^ fine ; for gold coins (1 escudos and over) 
= 1^ fine. Relative values, gold to silver as 
15.5555 to 1. 
lOOO milesimas ^= 1 escudo = ^ marco of fine 
■ silver, or 179^ grains, - - - - = 0.50232 
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FOBEIQN MONJSYS OF 

Note. — TliH Bilvcr ootna of Icaa dcnomlnntions tlian i mule, nDd Uio gold 
ooiiieof leas deDoniiuations than 10 escudos, hav« loss purity than (hoec mcnUoDi^d 
uIkitc ; Uie SO-redls piece, gvon, Is hnt 4 J^^- ilno s $S^544S, while the lOO-rcdD 
piece (daublo de biibcl) I9 woi'th SfSMSS, 

■ Foreign. U. Stales. 

GUn-allar: 16 quartos =1 roiil; 13r. =;1 peso duro 

or old Spanish dollar, ... -^81.01385 

SWEDEN Stockholm, Gothenbvrff.CarUcrotia, Gefle, 

§-e. ;■ Standard for silver coins ^= | fine; for 
gold coins (ducats) ^^ ff fiuo. Eelativc values, 
gold to silver as 15.18517 to 1- 
100 dre^l riksmynt, or riksdoUar riksgSld = J 

specieadollar, - - - - - = 0.27C22 

1 speeieBdoUar =: ^^ mark of fine silver, or 

393.15 grains, =1.10124 

U. S, Customs value of speciesdollar;::^tl,OG. 
I ducat = 8 riksmynts, nominally, ■= 5^ marks 

of fine gold = 82.23738. 
Sweden la about to coin gold coins of 10 and 20 
francs. 
SWITZERLAND. — Batel, Bern, Geneva, Lausanne, 
Lucerne, Neufchatel, Zurich, §-e. ; 
Standard for gold and silver coins t^ -^ fine, eacli. 

Relative vduoa, gold to silver as 15| to 1, 
10 rappen = 1 batzen; 10 b., or 100 centimes, = 

1 franc = 44 grams of fine silver, - - 1= 0.19453 

TRIPOLI (N. AFTS.IC&).— Tripoli, ^c: 100 paras 
^ 1 piastre, or ghersch ; value of piastre same 
as that of Tunis. 
TUNIS (N. Africa). — T«nk, Soona, Cales, ^c. .■ 
Standard for silver coins =: ^^ fine ; for gold coins 
^Af fine. Relative values, gold to silver as 
16.8125 to 1. 
aburbine = l asper; 52 a., or iekaroh=:l pias- 
tre ==4i '^'''^l'"'^ of fine silver, or 44 grains, z= 0.123247 
TURKEY. — Constantinople, Smj/ma, Aleppo, TreU- 
sonde, §■& : Standard for silver coins (assay) = 
Mf fine; for gold coins (assay) =iU one- 
Relative values, gold to silver as 15.15626 to 1, 
40 i«iras, or 100 aspers, = 1 piastre = 5^ checki 

of fine silver, or 15.385G grains, - - ^ 0.04309G 

1 piastre in gold = -j^^ checki of fine gold =; 

$0.0437181. 100 piastres in gold =:lm^idie. 
1 purse of silver ^^ 500 piastres ; 1 purse of gold 
= 30,000 piastres. U. S. Cusloms value of pi- 
astre =: 5 cents. 
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MONEYS OS ACCOtST. 



West Indies. 
CUBA ISLAND. — Uavaruj, Matanzaa, Santiago, 
ManzaniUo, Baracoa, Cardenas, Cienfuegos, 
Niievitas, Trinidad, ^c : OfBcial as in Spain ; 
also, 12 dineros, or 16 quartos,= 1 reSl; 8 r., 
or 100 centesimas = 1 Aato, peso, piastre, or 

NaTE.— Tbefull wclnhtSpBDleb duro calormU) la mnde Uie unit, nr incoxuro 
of vn1u«, = Sl.OtSrii bal Uio Spaoleb onzo. or doubloon, passes for IT JuUara, 
and the MeiloBn and S. Amerloim, Tor IS dollars. 

HAYTI ISLAND. — Hayti, Port a« Prince, Aux 
Cayet, Cape Hayfiett, Gonaives, ^c: 
Dominica, San Domingo, Porto PUtte, Samana, ^c. ; 
100 centcsimas = 1 dollar, or gourda (old Span- 
ish). 

Note.— BpnnlBh douHoonapaBsforlS doltara of uooaunl; and Uie Buytliin 
eltver gonrda U vorlb about ^ BpaDiah dollar. 

PORTO RICO ISLAND. — San Joan, Guayama, 
Ponce, ^c. : Official, as in Spain ; also, 100 ccn- 
teairaas =^ 1 dollar. 
JAMAICA ISLAND. — ^ini/ston, Fa,rmvih, Savam 
la Mar, ^c. : Official, as in Great Britain ; also, 
100 cents = 1 dollar =; 1 old peso, or duro of 
Spain =: 50 pence sterling in gold, - - = $1.01385 

CARIBBEE ISLANDS. Lbewaro Islasos. — XTti- 
TiGuA, — Su John, Fabnoulk; Dominica, 
montsehrat, tortola, virqik gokda, 
St. Christ ophek, Anguilla, Bab bud a, 
Nkvis, Saba : Same aa in Jamiuea. 

St. EuaTAciUS : Official, as in Holland. 

GtiADBLOtrpE, St, Martin," Marie Galante, 
Desiradb, Les Saiktes : Official, aa in 
France; Eilflo, 100 centimes ^=1 dollar; tlie 
colonial Uvre of these islands r= -^ standard 
duro colonato of Spain. 

St. Thomas, — Charlotte Amalie; Santa Cruz, 
St. Jan: Official, as in Denmark; also, 100 
cents 1= 1 dollar. 

St. Bartholomew: OiEcial, as in Sweden; also, 
I Spanish dollar == D shillings currency. 
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POKEiaH MONEYS Of ACCOUNT. ol? 

Foreign. U. Stales. 

WtsDWASD Islands. — Tbinidad, Part Spain; Bar- 
BAD0E8, Bridgeloum; Grenada, St. Vincent, 
St, Lucia. Tobago : Same as at Janmca 
Island. 
Martinique, Si. Pierre, Port Royal : OfScia], jib in 
France. 
BAHAMA ISLANDS. — Kew pBOVmENCE, Nas- 
sau; Turks, Abaco, Andkos, Great Baha- 
ma, &c. 1 Same as at Jamaica Island. 
LITTLE ANTILLK ISLANDS. — Curacoa, Buen 
Atks, OfdJBA : Official, as in Holland. 
Mabgarita, Toutuga, Blanqoilla: Same as 

in Venezuela. 
ZANGUEBAR (E. Africa). — ZanzOar (Island and Town), 
Quiloa, Momhas, Magadoxo, Brava, Socotra Idand, ^a Accounts 
are now kept in Zanzibar and the Sultan of Muscat's dorainions 
oil the east cosBt of Africa generally in dollars of 100 cents; and 
by the exertions of William E. Hmes, Esq., of Now York, late 
resident consul of the United States at Zanzibar, the present 
Btandard dollar in gold of the United States Is made the measure 
of value, or, in other words, is officially rated at par. This was 
accomplished in I86S. Other foreign gold and silver coins circu- 
late at conventional rates, some of them above and others below 
tiidr intrinsic values. TTiua, the Spanish dollar = $1 ; the Aus- 
trian rix-dollar, scudo, or crown, sells for Sl.Ol to $1.03 ; the Eng- 
lish sovereign is rated at 4f Austrian ris-doUars; the French 
franc in gold, at 18J cents ; tbc silver 5-franc piece, at 04 cents ; 
and the Indian silver rupee, at 47 cents. 
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FOREIGN LINEAL AND SURFACE MEASURES, 



REDUCED TO THE LINEAL AND flOBFACE MKA8UBE8 OF THE 
UNITED STATES. 

Foreign. U. Stales. 
ABYSSINIA.— jWossuaS.- 8 robi = l derah, 

or pic, - - - - -^^ 0.G82 yard. 

ALGERIA. — 10 decimetres = 1 metre, -= 1.0936 " 

8 robi = I pic. Pic, Moorith, for linens, - =: 0.519 " 

Fic, ruriisft,for6ilk9,&c., -= 0.G92 " 
ARABIA.— Afwcaf; 8 gheria = 1 covid ; 8 

c. = I kassaba, - - - -=I2.8Gf feet. 

flOO kaBsal)a= 1 coag, - - -^^ 1.2185 milea. 

^(fen: 8roW = lyardor pic, - -= 0.95 yard. 
Jii/da; 8robi = lpic, - - -=0.743 " 

Mocha .- 8 robi = 1 gez, - - •= 0.694 " 
AUSTRAUA. — Same as in Great Britain. 
AUSTRIA.~/mperiaiaiirfZejfai; 12zollen = 

1 fuss, - - - - - =^ f.04 feet. 

29J zollen = 1 ellc, - - -= 0.8521Gjard. 
e iusse = 1 klafter ; 10 fusse= 1 ruthe, - = 10.38924 feet. 

2,400 ruthen=: 1 meile, - - -— 4.72G9 milea. 
192 eqoare rutlien ::= 1 mot^en ; 3 m. = 1 

joch, = 1.43 acres.- 

AZORE ISLANDS.— Same 08 in Portugal. 
RALEARIC ISLANDS.- 8 pie, or 4 palmi, 

Majorca: 2 varas = 1 cana, - -= 1. 711 yards. 

Minouca: 2 varas =; 1 cana, - -== 1.754 " 

BELGIUM. — 10 streep=l dnim; 10 d. =: 1 

palm; 10 p.=r 1 el = l metro, - -= 1.093G " 

10 c)en =: 1 roed ; 100 r. ^= 1 miji, or kilo- 
metre, - - - -= 0.6214 mile. 
100 Equare roedB=:l bonder = 100 ares -= 2-171 acres. 
The old Brabant el = 0. 76000 yard. 
BERMUDA ISLANDS. — Same as in Great 

Britain. 
BOURBON ISLAND. — Same as in TVance. 
CANARY ISLANDS.— Same aa in Spain. 
CANDIA ISLAND.- 8 rob =1 pic,- -= 0.C97 yard. 

CAPE VERDE ISLANDS.- Same ae in Bortugal. 
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BOfiEtcW ttse/it AtfD Surface Measurbs. 

Foreian. U. Si. 

CANADA, liOMffllON OF. — Same as in 
tlie TJniteil States. 
Lower Canada (special) : 1 arpont, - ^= 0.8475 

CAKOLIHE ISLANDS. — Same as in Spain. 



Central and South America. 
CENTRAL AMERICA.— Costa Eica, Gau- 

TEMALA, H0NDUEA8, NiCAGAGOA, SAN 

Salvador: Same aa Spain, — standard 



6 pulgadas := 3 pes ^= 1 vara, - = 34.1 inches. 
lau varas = l cuadra; 40 c.=; 1 legua, -^= 3.929 miles. 
. 27,000 square varaa= I suertes dea eataucia. 
Brazil; 24 pollega^las =; 2 pes^lcovado 

= ^in<?tre, - - - -= 0.7218 yard. 

40 pollqgadaa ^ 5 palma = 1 vara ^^ -J 

bracio ^ l^j- metre, - , - -:^ 1.203 " 

260 vara?, or X25 braewBa = 1 Mtadio i 8 c. 

=;1 miilui; 3 m. =^ 1 l^oa, - -^ 4.101 miles. 

4,840 square Tara8 = l guira, - -= 1.447 acres. 

piiiLi: 8G pulgadas ^=1 vara (eusloms), -= 1.000 yard. 
In all other respects ns in Spain, — Caslilian 
standard, 
Venezuela, New Grenada, Ecitado]!, 
PEnu, BoLfviA, PAKAG0AT, Uruguay : 
Same as Spain, — Castiiian standard. 
Guiana: Cai/enne: Same as in Fiimce. 
Paramaribo : Same as in HoUaud. 
Georgeton-a: Same as in Great Britain. 
Fa,LKLANd Islamdh: Same as in Great 
Britain. 
CHINA. — 10 tsun,1»rfan, = l punt; lOp.^1 

" chih, eoviJ, or cobre (ffwrcers'), - -— 1.226 feet. 

ni punts, or 10 tae,^=lihuoc tradesmen's) = 0.7162 yard. 
Chih (nuUhematicoT), - - -^13.122 inchea. 

' CLih (engineers' and iurvegurs'), - -^ 12.059 " 

Chill, or kong-pu (archtieebi'), - - = 12.709 " 

10 cbih=lchaiig orcheung; lOchangr^ 

1 yan; 18y. = l li, ■ - - -= 0.3425 mile. 

100 square eliih = 1 mow ; 240 m. = 1 fu, 
fw kin^, .----'- =^ 0.65C4 aete. 
CYPRUS ISLAND.— 8 roU 3^1 pic, -= 0.G96 yard. 
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20a FOEBlON LINEAL AND SURFACE MEASUBBa. 

Foreign. U. Slates. 

DENMARK. — 24 tomme, or 2 fod, = 1 nln, - = 0.fi8G2 yard. 
10 fod= 1 rodo; 2,400 r. 3=1 mill, -r= 4.6785 milea. 

280 square iwles = 1 skiepper ; 2 e. = 1 

toonde, = 1-362 acres. 

S fod =: 1 favn i and 1 fod = I PrusBian 
Bheia-fu9s. 
EGYPT. — 3 kirat =: 1 rob ; 8 r. = 1 pic or en- 

drasi (for sUka and woolens), - - = 27 .OS inchee. 

1 halebi or arcliin:= 27.9 in.; 1 deTah = 

23.264 inches. 
a derali=lfedani 3f. = I gasab; 420 g. 

=: 1 berri ; 3 b. = 1 parasang, - -= 8.015 miles. 

iOO square gaaab = 1 fiidden al risacU, - = 1.465 acres. 
PKANCE. ^ 100 centimfetrcH, or 10 decimfetrcs, 

= 1 mfetre, ... - = 39.37 incbcB. 

100 mfetres, or 10 decamfetres, = 1 hecto- 
metre ; 100 hectometres, or 10 kilomfe- 
trea, = 1 myriamfetre, - - -= 6.2137 miles. 

100 square metres = 1 are; I00a.= lhee- 

tare, -.---= 2.471 acres, 
loldaunede Farl3= 1.29972 yard; I aune 
tisuelle, or inetrique, =: 1+ metre. 
FRIENDLY ISLANDS (Beejeb asd Tok- 

GA Groups). — Same as in England. 
GERMANY. — Prussia, and the ^Iverein 
langonmaasse for all Germany : 
12 Unie = I eoll; 12z. = lfu38 (Rhoin- 

fuss), - - - . -=12.3514 inches. 

25J zbllen (Rhein-zollen) = 1 elle = f 

metre, - - - - - = 26.24f " 

10 land-fusse, or 12 Bhein-fussc, =: 1 ruttie; 

2,000 r. =; 1 meile, - - -7=: 4.67855 miles. 

180 square ruthca =: 1 moi^cn, • ■= 0.6304 acre. 

Special and local : — 
Saxony: 12 zoUen = 1 fuss; 2ei=:lelle,-= 0.0196 yard. 

1 Lubec-Brahant elle, - - - = 0.7498 " 

Bavakia: 120Bo!len,oi' 10fussc,^=l ruthe,= 9.579 feet. 
84J zoUen ^ 1 elle = f metre, - - =r 32.808^ inches. 

WurteMbuug : 100 zollcn, or 10 fusse := i 

ruthe, = 9.37326 feet. 

21^ zollen = 1 elle, - - -= 0.67175 yard. 

Baden : 20 zolien, or 2 fusse, — 1 elle =7 1 

metre, - - . - '^23.022 inclica. 
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FOREIGN LINEAL AND SUGFACH MEdSDEES. a2l 

Foreign. U- Stales. 

Hessr Dakmstadt r 10 zollen = 1 fusB ^ 

i metre, = 0.822A foot. 

24 zollen = I ello = | metre, - - = 0.65G 1 1 yard. 

MECXLEKBUitG : Same as at Hamburg. 
Oldenburg: 1 2 zollen =1 fuss; 2f. = l elle,= 0.68628 " 
Bremen: 24 zollen, or 2fuBac,= 1 elle, - = 0.63216 " 

1 Bremen-Brabant ello = 1^ Bremen cUe. 
Hamburo : 12 zoUen = 1 fuss ; 2 fi = 1 ello, = 0.62G81 " 
1 Hamburg-Brabant elle, - - -=:0.r5615 " 

LuBEC : 24 zollen, or 2 fusse = 1 elle, - = 0.6294 " 

GREAT BRITAIN. — Same as in the United 

States. 
GREECE. — 60 onud = 3 pos = l passo=l| 
metre. 
22 onud = 1 pichi, /or «Sla, - .=;0.701734 " 

23ionu^ = 1 piehi, for woolens, fi-c, - = 0.74i)579 " 
HOLLAND. — 10 atreep = 1 duim; 10d.= 

Ipalm; 10 p.=^l el = 1 metre, - = 39.37 inelieB. 

10 el = 1 roeii ; 100 roed = 1 mtjl = 1 kilometre. 
100 square roede =: 1 bunder = 1 hectare. 
1 old Brabant el - - - - = 0.76931 yai'd. 

India and Malaysia, or Mist Indies, 
Anah : Same as in China. 
BuRMAH, PegO : 5^ paigaut = I taim ; 4 t. = 

I Eadang; 7 s. = l sha, orbanibou, ' = 154 inches, 
1,000 dbas = 1 dain, - - - = 2.4306 milea. 

Ceylon Island : 2 covida = 1 guz, or yard, - = 30 inches. 
IIiNDOaTAN. — Calcvlla: 16 tus80oa=;8 gheira 

=^ 1 haut, or covid ; 2 h. r= 1 ghes, or gnz, = 36 " 

2,000 ghes = 1 coss, - - -^^ 1.1364 miles. 

20 square covids = 1 chattack ; 16 c. =: 1 
cottah ; 20 eottahs = 1 biggah, - - = 0.8306 acre. 

Bombay: 16 tossoos = 8 gheira =: 1 liaut or 
covid; ljh. = lgti2; 2 hauls, w 1 J guz, 
= 1 imperial yard, - - - ^r 36 inches. 

Madras: 16 tusa(>os=: 8 ghcira^^l liaut or 

covid ; 2 h. = 1 guz, - - - = 36 " 

Ooa : Same as In Portugal. 
Massulipatam.: 2 palms =: 1 span ; 3 s. :^= 1 

cubit ov covii - ... -=IH 

Sural : 18 tassooa = 1 liaut, for malting, - = 21 " 

84 tusaoos, pr 20 Tvi9wusa,= 1 wusa, -=98 " 
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22a FOREias ttsent Ajffi ^jarACE iiEAgtrtiES. 

Foreign. U. Stales. 

'iixhABASt Coast. — Mangolore, Canimore, C(di- 

cuc, Cochin, Quilon, Trivandrum: 3 glic- 

ria = 1 adj ; 2^ ». — 1 haut ; 2 h. = 1 

gaz or gajah, - - - - = 38 J inches. 

CoRoslANlJEL Coast, generally, same aa at 

Madras. 
SiAM.— 48 nion8 = 4keubs = 2 soks — 1 ken, = 37.836 
2 kens = 1 Toiiah ; 20 t, r= 1 sen ; 4 s. =^ 
Ijod; 25j.-= I roeneng, - -~ 2.38Rfi miles. 

Malacca. — Same ae at Calcutta. 
SmGAPORE Island. — Same as at Calentta. 
PniLippiNE Islands. — Same as in Spiun, — 

Maiidard of Castile. 
Java Island. — 1 voot (Ehyn-voot), - -== 1.029 feet. 

1 el, or covid (old Amsterdam el), - -= 0.7522 yard., 

Englisli meaaures also, as at Sumatra. 
Sumatra Island. — 2temp5hs=l jancal; 2 

j.= letlo; 2e. = lhaiIoh, - - — 3G inches. 

ITALY. — The metric system of weights and 
measures is now the offieial standnrd, and 
is in general commercial use throughout 
the kingdom. 
Spedcd and local: — 
Milan: JO atomi= 1 dito; 10 d.=: 1 palmo; 

lOp.^I metroorbraccia, - -=r3fl.37 jncLes. 

1,000 metric 1 miglio (kilometre). 
100 metri quadrata = l tavolo (are) ; 100 

t. = 1 tomatura (hectare). 
2Jmetri = l trabuccoj 4 t.=:l decametre. 
Florence, Leghorn, Pisa, Ifc. : 3 palmi = 1 

braccia ; 4 b. = 1 canna ^ 2| metres. 
Carrara r 1 palm for marblo = 9.06 U. 8. in- 

JAPAN. — lOrin — Ibun; 10 b.= 1 tami; 10 
t. = 1 sasi or sjak. 
4 taun-sasi = 6 kani-saai = 1 hiro ; 5 tsan- 

sasi = 1 ink or tatfamy, - - - - = 2.07103 yards. 

7 fcani-sasi — 1 kan, kian, or ikjo, - - ^ 2.31D55 " 

00 inks = 1 ting or masti ; 3G t. =: I ri, - — 2.541 72 ihilesi> 
MADEIRA ISLANDS. — Same as in Portugal. 
MAUUITIUS ISLAND. — Official as in Great 

Britain; also, — 

1 aune (old aune de Paris), - - — 4C.79 inches. 
MEXICO,— Same as in Spain, Standard of Caslile. 



Hosted by Google 



FOItemN LINEAL AND SCJIEACE MEASUKES. a 23 

Foreign. V. Slates. 

MOROCCO. —8 pollegaiiaa = I palmo da cra- 
vetra (Portuguese). 
18| pollegadas, or 2^ palmi da craveira, = 

1 covado or cadee, - - - = 20.21 inches. 

8 rob = X pic (Turltieli in tlieory), - — 26.03 

NOBWAY. — Same as in J>enmarfc. 
HEW ZEALAND ISLANDS.— Same as in 

England. 
PERSIA. — Monkelser or royal: 12 fingers ^: 



I foot; lAf. = l cubit; 2 c. 



gueza (fir silks, §-c.), 
1 guz shah (iCfya\),for imc 
1 guK tabree (of Tabreez), 



'.ens, - 


- — 40 


.1 




- = 40.4 




parasang, 


-= 3.4DIJ 


miles. 


^ 1 palmc 


■ .la 





12 pollegadas = 1 pfi ; 2 p, =; I covailo ^= 

^ metre. 
40 pollegadas = 1 vara = 1^ melM, - = 4 3.30 7 inches. 
24| poU<^ada8=; 1 covado avantejado (ro- 

tad). 
J3J pollegadas =^ ^ vara = 1 teiNja. 
60 poU^adas ^ 1 passo ; 1 J p. = 1 bra^a, 
780p^s = l estado; 8 e.= l milba; 3 ra. 

= llegua, - - - -= S.838G miles. 

4,840 square vara3= 1 gcira, - -= 1.4471 acres. 

ROME. — 12 onze = l palmo; ljp.= ]pie; 

5 piMi=: 1 passo, - - - = 58.6104 inclies, 

10 paliui, or 7J pi^di, ^^ 1 canna arcbitee- 

tona, = 87.9156 " 

3f cannc arch. := 1 catena (chain) ; 1 cati>- 

na = 10 stajoli. - 

8 palm! mercantile = I canna mere., - = 7843932 " 

9 palmi d'are = 1 canna d'are = 1^ metre, =t 44.29 J " 
1,000 paad = 1 miglio, - - -= 0.92604 mile. 
3i square catene =: 1 quartuccio ; 2 q. = 

1 scorzo ; 4 s. = 1 quarta ; 4 quarto (7 

£zze) = 1 rubbio, - - -= 4.B59 acres. 

.— 6f ver9chok = lfoot, - -=12 inches. 

16 verschok = 1 archine whalebi, - = 28 " 

3 archines (7 feet) = 1 sachine, - -= 7 feet. 

500 sachines = 1 verst, - - -= 0.GG29 mile. 

2,400 square Eachinea = 1 dectatene, - = 2.7 acres. 

SANDWICH ISLANDS.- Same as in the 
United Stales. 
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24a rOEEIQN UNGAL and SORPACI! MavatKES. 

Foreign. U. Slates. 

SOCIETY ISLANDS. — Officiiil, as in France. 

SPAIN. — Standard of Castile : 36 pulgadas = 

G sesma = 4 quarta or palmos = 3 tercia 

or pie = 1 Tara, - - - -=^ 33.385 int-lics. 

2 varaa ^ I estado, bnusa, brazaila, or 

toesa. 
2 eatadoa = 1 eatadale ; 2,000 ostartiiles = 

1 legua, - - - - -= 4.2153 wiles. 

560 square estadalea = 1 fanegada, -= 1.592 acres. 

1^ pie ^ 1 codo; 5 pies = 1 passe. 
G^raltar : As above ; also, 12 inclios =; 1 foot ; 

3f. — l7ard, - - - -= 1 yar.l. 

Aiicante: 8S pulgadas = 1 vara, - -= 0.8319 " 

Barcelona: 1 vara or matja-cSna, - -^ 0.8G41 " 

Santanderi 8 octava, or 4 palma, ^^ 1 vara, - i= 0.9142 " 
Valencia : 36 pulgadas =r 4 palmos = 3 pie 

=: 1 vara^ - - - -= 1.0044 yards. 

2J varaa :^ 1 braza-reale. 

HOTB.— lnM49, apalnlegBllsed thousoof thomeMoBvati™ ofwefKMa wA 

Uoncya of Account, BpnlD). it mnyliBcxpoclod thai sh« nrJIl uaif^ lier wclabU 
and mo89iina by enforoin-- " ' • -' " ■"" ' ' 



SWEDEN. — 10 linier = 1 turn ; 10 t. — 1 fot ; 

lOf. = 1 stSng; 10 s. iTcf, - -^97.406 feet. 

20 tumcn = 2 fus =r 1 aJn = J old auiio dc 

Paris, .... - = 0.G4937 yanl. 

6 fus = 1 fiimn ; G,000 f. (3,C00 sHingcr) = 

1 mil, - . . . - - - = «.C413 miics. 

660 sqtiaro stSnger (14,000 square alner) t^ 

28 kiuinlitnd =t 16 kappland r= 2 apatm- 

land = 1 (imnland, - . -= 1.21975 acres. 

SWITZERLAND. — Official and general fi.r tlie 

22 cantons forming lliu Ilepublie ; — 
10 zollcn = 1 iuss; 2' f. =: I olle = ^j metre. :^ 2^.622 inebes. 

6 fiissc=l klafter; 10 fus3« = I nidiu or 

1,600 rutlion = 1 meilc or hour'a way = 4| 

kilometres, - - - - = 2.98'26 miles. 

400 square rutlion ^^ 1 jucliart or fi'likikcr 

TRIPOLI. — 8 rob :=. 3 palmi — I pie w dm, - = 26.42 inelies. 
Tiie pic for silks =: I Arabic oovid, - - = 19.03 " 
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FOKEias LINEAL AND SlIBFACE MEASUIiBS. a'lb 

Foreign. U. Stales. 

TUNIS. — 8 robi ;= 1 pic ; pio for woolens, - = 3G.5 inches. 
Pic for silks,- - - - - — 24,83 " 

Pic for linens, ... -= 18.C3 " 

TURKEY. — OpnsteJi/mopte and Smyrna: 

cbi or archill (Kusaiau archine of 28 U. S, 
inches in theory), - - - ' - = 

7,500 halebi = 1 agatcli, 
1 pic, draa, or ondra«i, fur silks and woolens 
I indisc, or endese, for cottons, tfc, - 
fSassorah, Bagdad: 8 rt>b£=: 1 guz, 

West Indies. 

In the Islands of Cuio, Hayd, Porto Rico, and Me of Pines, the 
measures of length and of sur^e are the same as m Spain, CaS' 
tUian standard, except that in Port an Prince and the French poi'- 
tioQ of HayU, generally, the old piede du roy of 12.78918 U. S. 
incites, and tie old aune de Paris of 1.29872 U. S, yards, is used. 

In jantaica, St. KiltJi, Anlu/ua, Montserrat, 7'ortola, Angmllii, 
Dominica, Barbuda, Neins, Virgin Gorda; in Trinidad,* Grenada, 
St. Vincent, Sf. LvcJa, Barhadoes, Tobago, Grenadines; and in 
New Providence, Great Bahama, Turks, Abaco, and the Bahamas 
generally, the lineal and surface measures are the same as in 
Great Britain and the United States. 

In Oaudeloupe, Martinique, Desirade, Les Saintes, Marie Ga- 
lanle, the lineal and surfiice measures are the metric ; but the pied 
nindricwne (United-States foot) b chiefly used in measuring tim- 

In Santa Cruz, St. Thomas, St. John, the official measures of 
length and of surface are the same aa in Denmark, hut those of the 
United States are mudi used. 

Jd Sl Btfriholomew : Official, as in Sweden; also as in the Uni- 
ted States. 

la St. EustatiuB, Caracoa, Buen Aijer, Ortiba : OIBoial, as in- 
Holland. 

In Margarita, BlanqaiUa, Torluga : Official, as in Venezuela. 
ZANGUEBAR (East Africa) ; Same aa at Muscat, Arabia. 

* The epanlali (CasllUan) ™ro Is Btlll used to Bomc riteot By tlia racrcliauls 
in TrioidBd. 
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FOREIGN COMMERCIAL WEIGHTS, 

REDUCED TO THEIR EqUlVALBST VALUES IN THE CNITEE 

Foreign. U. Stales. 

AvolrdiKioli 

ABYSSINIA (B. Afkica).— IfcsMoft; lOdirhem "^ 

:=1 waltoa; 13 w. or 10 mocha =1 rotl, ro- 
tolo or litre = 10 Iroy ounces,* - -= 0.68571 

ALGERIA (Barbary, N. Africa). — Algiers, Bo- 
na, Oron: The metric weights, under French 
denominatiaus, are in official and common use 

ARABIA. — Moclta : 233j krat = 1 wakca, wake- 
ga, or vacia = 700 troy grains. 
15 wakea=:l roll; 2r, ^1 mannd or maon, - = 3. — 
10 maunds=:l frazil; 15f. = lbahar, - = 460,-- 

At the bazaar, 14Jfrazil3=l bahar forcoiFee, =435. — 
Jidda : Official, as at Alexandria, Egypt ; aUo, S^ 
drachmas musr (ofl^j-pt) = 1 wakea; 15 w. 
= 1 rotl ; 6 r. = 1 maund; 10 m.= 1 frazil ; 
10f = rbahar=G6|okesof Egypt, . -= 183.85?! 
Uodeidtt, Beil-elrfalah ; 15 wakear=l rotl; 2 r. ^ 

1 mannd; 10m.= l frazil; 40f.=:l bahar, = 815.2381 
16Jrotl = l tomaunof rice, - - -=168.14286 

Muscat, Hasek, §-c. ; 233J krat= 1 wakea; 10 w. 

= 1 rotl ; 9 r. = 1 maund ; 200 m. = 1 bahar, = ISOO.— 
Aden: OHicial, same as in Great Britain. 
AUSTRALASIA (Oceanioa). — Austkalia, 
New Zealand, Tasmania : Same as in 
Great Britain. 
AUSTRIA (legal /or the Emjm-e').- 33 lothe=ie 
unzen = i vbrdinge = 2 marken = 1 pfund ; 
20 p. = 1 Btein ; 5 8. = 1 centner, - - = 1 23.468 

4 centners =:1 karcb; 5k.:^l last; 2| centners 
= 1 saum ; 1^ ccntnera = I lagel ; 2 1. = 1 
saum for steel. 
Raqvsa, (Dalmatia) : 2i pfundc= 1 oka, - = 3.0867 
AZORE ISLANDS (N. Atlaiitie Ocean) : Same 
as in Portugal. 

* Boo TnrSer, welglita of, and nolo relallve lo. 
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FOKEION COMJIliitOIAL WEIGHTS. «S 

Foreign. U. Sfaii 

BALEARIC ISLANDS (Meditcrriincan Sea) ; 25 

TOtoIi (22J Caetitian libras) ^ 1 aroba ; 4 a. 

= I quintal, - - - - = P1.306; 

3 qiiintals= 1 carga; 110 rotoli:= 1 odor; 100 

libra menor ^ 87 Caatilian libra i^ 1 cantaro 

grosEO = 88.2627441 av. lbs. 
BELGIUM. — Same as ia France (metric system), 
BERBERA (E. Afbica) : Same as at Mouba, 

BERMUDA ISLANDS (N. Atlantic Ocean): 
Same as in Great Britain. 

BOURBON ISLAND (Mascorenc group, Indian 
Ocean) : The metric system, Frencli nomen- 
clature, is in use bere. 

CANADA, DOMINION OP. — Same as in Uie 
United States. 

CANARY ISLANDS (Atlantic Ocean, W. coast 
N. Afrlcci) : Same as in Spain, Castilian 
standard. 

CASDIA ISLAND, on CRETE (E. MeJlicrra. 

noan Soa) ; 100 rottoli = 44 okc8=l can- 
taro, — 11G.565 

CAPE OF GOOD HOPE (S. Africa): Same 
as in Great Britain. 

CAFE VKRDE ISLANDS (Atlantic Ocean, near 
W. Airican coast) ; Same as in Portugal, 

Central and South America. 

Guatemala, Hosduras, San Salvadorj Ni- 
cAitAGUA, Costa Rioa: le onza3 = 2 
marcos =^ 1 bbra j 25 1. = 1 arroba ; 4 a. — 
1 quintal, - - - - -— 101.451'1 

2J quintals = I carga; 8c. = l tonelada, - = 202U.026 
Balizk. — Official, same as in Great Britain. 
BKAZIL.— 16(m9as=2marcos = l arratcl, -= 1.0113 
32 an-atels = l arroba; 4 a. = 1 quintal, -^^129.5:03 

Argentine Rbfublic, or La Plata: 1G oni^as 
= 2 marco ^ 1 libra ; 25 I. =: 1 arroba ; 4 a. 
= 1 quintal, - - - -—101.271 

Note.— ThoArgcnlinoRepablio has cslKblislicd IndcpPndcol elnnilaraa ( 
w^Ighta mil meaeures, wlilcb are now in priVcllM, nnd wfiich vBty more or le 
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COIIMEIVCUL WEIGUTS. 

Foreign. U. Stales. 

Peru, Chili, Bolivia, Ecuauoh, New Gkana- 
DA, Vesbkukla, Uruguay, Paraguay : 
GeivcraCy as in Central America. 
Montemdeo : I pesado of dry hides (fresh or salt- 
ed) containe IJ arrobas; 1 pesado of wet salt 
hides contains 2^ arrobas. 

Note In Peru. Chill, Now Grnnaaa, Bolivia, Voneiuela, and Surinam, tho 

use of tho raelrio Hyewm of weights and raeaauroB Is eaneOoucd by law; but 
BB yet [1869) Is very IHtle Hnployod in either of the Blalea. 
Guiana. — Cayenne : Same as in France. 
Paramaribo, or Surinam : Same as in Holland ; 

also as in France. 
Georgetown : Same as in Great Britain. 
Falkland Islands. — Same as in Great Britain. 
CHINA.— 10 tsiien^ 1 tael or leang; 16 t.^1 

eattywkan; 100 c. = 1 peonl w tam, -^=133.3333 

22J cliu i= I leang; 2 eatties^^i yin; (5 y.^ 
1 kwan ; 3J k. = 1 tam ; I^ L (60 yin) — 1 
sliik, - - - - - - = leo.— 

CORSICA ISLAND (Mediterranean Sea) : Same 

as in France, of which it forms a department. 

CYPRUS ISLAND (Mediterranean Sea): Same 

as in Turkey, and forming a part of Turkey' 

DENMARK.— 32 lod^ 16 unze = 2 marken = l 

pund=: J kil<^am; 100 p. =;! centner, -:^ 110.3311 

16 pund^:l lispund; 201.^=1 shifpund; 16J 
s. = 1 last. 

1 2 punds = 1 bismerpund ; 3 b. =^ 1 waag or 

EGYPT (N.Africa): 4gran=lkara; 16k.= 

1 drachma (okardrachma) ^= ^ troy ounce, 

or 48 grains. 
400 drachmae ^^4 oka, - - -^^ 2.74286 

144 drachmas = 1 rottolo; 100 r. (3G okes) = 

1 eantaro (customs), - . . -::^ 98.7429 

FRANCE.— 1000 milligrammes^ 100 centigraramee 

=r 10 decigrammes =; I gramme = 15.43235 

troy grains. 
1000 grarames = ]00 decagrammes li; 10 bec- 

tofframmcs=:l kilc^amme, - -^ 2.20463 

10 kilogrammes ^ I myriagramme; 100 m. ::r^ 

XO quintals = 1 tonneau, - - - = 2204.63143 
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POEEION COjISJBllCIAI WEIflUTS. C SU 

Foreign. U. Stales. 

AvolrSiipoiB 

pOUBllB. 

GERMANY. ~ ZoUvcrein gewighte for all the 

States of the tariff-alliaiice : 
10quentc]iun=l loth; 30 l. = I pfund; 100 

p. = 1 centner := 60 kil<^ram3, - -=^110.2311 

Special and local, or domestic : — 

512 pfennige=^128 quentchene^ 82 lothe = 

16 unzen =; 2 marten -^^ 1 pfund. 
PitoasiA : 100 pfunde = 1 centner, - - = 103.1 134 

Bavatiia : 100 pfunde = 1 .centner= 56 kilc^ams, = 123.4588 
Bremen; 116 pfimde = l centner, - -=^127.4887 

Bruhswick: lOOjpfundc— 1 centner, - -=^103.0656 

Hamburg : 112 pfiinde=:l centner, - -n^ 119.6044 

Hesse Darmstadt: 100 pfunde ^:;1 centner = 

50 kilos, = 110.2311 

LUBEC: 112 pfunde = 1 centner, - - -=119.G813 

Mecklenburo; l4-pfunde=:;l liespfund; 81. =:1 

centner, = 119.5164 

Oldenburg: 100 pfundc.=;l centner; g c.=;l 

pfundschwer, ... - = 317.7211 

10 pfunde = I liespfund; 291. = 1 a;hiffpfund. 
Wurtembekg; 100 pfunde= 1 centner, . .-==103.1153 

Baden : 10,000 a8= 1000 dekaa = 100 centas = 10 

zehaling= 1 pfund. 
100 p. = 10 sfeiu=:l centner=50kil(wram3,-= 110.2311 
Saxony; 10,000 aa = l000 dekp8=100 hektaa= 

10 kilas=l pfiind; 100 p. = 10 halbatein 

(half-Btones) = 1 centner=50 kiloa, - = 110.2311 

Leipsic (domestic): 100 pfunJ=l centner, -=: 103.0734 

GREAT BRITAIN. — Same as in the United 



liilheUDlleaStaK 



lo tbe dGaomlnallons of iveiEhls lu 



Last " " - - -s=4iica " I FoUioronona, - - - -=lBtowl, 

GREECE. — 72 cocos=^l dramia; 8d, = l ouog- 

hia; 8o, = l imilitron; 2i.^=l litra, -= 1.13G 

400 dramia9=:3|- Ixtras^^l oka, - -= 3.55 

137^1itraa = 44okaa = l cantaro, - - = I58.3 

HOLLAND. — 10,000 korrel = 1000 wigtjc^lOO 

lood=10onz = l pfimd = l kilogram, -— 3.30162 
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S6d FOREi^N COiiltERCtAt WEiBnltS. 

^oi-'^ign.. U. Sldlei. 

ilAWAtlAN ISLANDS (Sandwkh Islands, Poly- 
nesia, N. Pacific Ocean) : Same aa in tlie 
Unil«d States. 

India and Malaysia, or East Indies. 
Annam, — Kesho (Tonquin) : 100 catties^: I peeul, = 132,— 
Hue, Sai-gon, Ifc. (Cochin China) ; 16 leang^i^ 1 
can ; 10 c, = 1 yen ; 5 y. ^ 1 binh ; 2 b. :^ 1 
taj 5t.= lquan, - - - - = G88.76 

BttRMAU (Farther India), pTome, Palanago, Ava, 
§■0.: 100 tical wltiat^S abucco = 4 agito 

Cevlon Island (Indian Ocean); 500 pond=;l 

bahar or candy, - - -=600.— 

niNDoaxAN. — Bombay: 72 tanka=30 pice=^l 

maund, - - - - -= 28. — 

Alao,80tipprees = 40Boer8 = lmaund, -= 28.— 

20 inaunds=:l ean(ly = 6cwt. 
Calc^ta, Bengal (factory weight) i 5 siccas or ru- 
pees =1 ehattac; 16 c. — 1 seer; 40 s.=^ 
1 maund ; 3 m. 3= 2 cwt., - - - ^ 224. — 

4 chattacs 3= 1 pouab ; 6 seers ^^ 1 pussaree. 

I maund (bazaar taeighl) ^= 100 troy lbs,, nom- 
inally, - - - - , -^ 82.133 

II factory maunds--= 10 baaaar maunds. 
Madras (Carnatic, Coromaiidel coast) : 10 pago- 
das or varohuns = l polam; 8 p. = I seer; 
5 s. = 1 vis <»■ visay ; 8 v. = 1 maund or 

maon ; 20 m. =: 1 candy or baruay, - -^r^ 500. — 

Goa: 32 seer8=: 1 maund; 20 m. = 1 bahar, -^496, — 
Pondit^erry : 10 varahuns =3 1 poloin ; 40 p. =; 1 

*ia ; 8 V. = I maund ; 20 m. =: 1 candy, - =^ 588. — 
Sural : 16 pice ^ 2 tippreea =: 1 seer ; 40 s. = 1 

maund ; 20 ra. = 1 candy, - - -=^300. — 

3 candies := 1 bahur. 
Taila: 4 piee = 1 anna ; 16 a. = 1 soer = 72^ 

tola; 40 8. — 1 maund, - - -= 72.32 

Mysore, Seringapalam, and Malabar coast general- 
ly : 40 polama :^ 1 vis or pussaree ; 8 v. =; 1 
maund or maon, - - - -^ 30. — 

20 mauids =3 1 bahur or candy; 20 b. ^^ 1 
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POREION COMJ)ERCIA.fc IVElOiltS, aSl 

Foreign. U. Stales. 

AvolrdnpolB 

Tranquelar, and Cororaandu! coast generally; 30 
chittacks ^= 1 via ; G^ v. ^ 1 rnannd ; 20 m. 
= 1 candy, = BOO.— 

Malaya (Malay Peninsula, Strait of Malacca) : 
Same as at Singapore Island; also, 1 kip/or 
(ill :;= 40J Av. Iba,, and 20 buncals = 1 catty 
fortiold and sileer = 2 j- Iba., troy. 

Pgnang isLAHD, or PittNCE op Wales Island 
(Areca laland, Strait of Malacca) ; Same as 
at Singapore. 

SiAM (Farther India) : 2 tical = 1 tael ; 20 t. = 1 

catty; 100 c. = I pecul, - - -=135.253G 

20 pieuls ^= 1 cajar. 

Singaporr Island (off S. ' extremity of Malay 
Peninsula) : IG tael =: I catty; 100 c. — 1 
pecul ; 3 p. = 1 bahar, . - - - = 405. — 

BanCa Island (Malay Archipelago) ; Same as at 
Batnvia, Java Island. 

Borneo Island. — Same as at Batavia, Java^ 

Cblebrs Island. — Same as at Batavia. 

Java Island. — Baittoia, Sj-c.:, 10 tael =^ 1 catty; 
100 c. ^ 1 pecul ; 3 p. ^= 1 bahur =^ 200 
goelak, - ' - - - — 40G.888 

, 4J peculs (300 goislaks) r= 1 great bahar. 

Moluccas or Spice Islands. — ^mioymi,, the 
JBanda Islanih, Batfliian, Booro, Ceram, Gir 
lolo, Oby, Waigeao : Official, as at Batavia. 

PiiiLippiNB Islands (Luxon, Mindano, Palawan, 
Mbuloro, Panag, Marindique, Negros, Bohol, 
Zixba, Samar, Mashata, Leyle, ^e.) : 100 cat- 
ties = 1 pecul = 87J Oastilian libra, - = 139.4957 
1 caban of Hue (usual), - - '— 133.— 
1 caban of C0C0.1, - - - -= 83.5 

SooLofflsiuiNDs {Sooloo, Batseelan, Tawee-TavxR, 
Pilas, Pda, Tapul Ides, ^-c.) : 10 mace = 1 
tael; IG t, =; 1 catty; 50 c. = 1 lacbsa; 



Sumatra Wnd. — 10 mace = I tael; 25 t. = 
I catty ; 30 c. ^= 1 maund ; fl J m. ^^ 1 candil 
or bahur, .... 

4 catlies ^^ 5 goclaks. 1 tael ^ 133^ lbs., Av. 

14| salup = 7J ootan = 1 nelll, 



'. 133i. 



Hosted by Google 



32a FOnEIGS COMyEBCIAL WBIGIITS. 

Foreign. U. Stales. 

Avoirdupois 

Il'ALY. — Tlie metric Byatem of weights, eiilier 
un^er the Frendi denominations or as follows, 
is now die official, and may be considered 
the general commercial Bystem throughout 
Italy, the islands of Sardinia itnd Sicily in- 
cluded. 
10,000 grani = 1000 dennri = 100 grosei = 10 

onde = 1 libbra =: 1 kilogram. 
1000 libbre = 100 rubbi = 10 quintal! or cen- 
tinaji = 1 migliajo or 1 tonneUata, - - = 2204.6214 

Special and heal : 

Carrara: 1 cubic palmo of marble = 884.74 cubic 

inches, - - - - -= 90.82 

JAPAN (N. Pacific Ocean). — M>fon /., Kioo- 
Sioo I., Sikokf I., the dependencies Yeso I., 
Bonin I., the Loo-Ckoo group, ffc. : 
1000 moo ^ 100 rin ^= 10 sen i= 1 monme = 

26.784 troy grains, 
ICO monme = 1 kan, - - - -= 0.S12206 

350 monme (2-^^ kan) = 1 catty ; 100 c. = 1 
pecul, .... .= 133.93 

Note.— In comnierclal tmnaactlona the piicnl Is iiflual If reckoned at 133) Iba., 
the eanie h9 In China; but It Is (iqual la 133.02 lbs. by tliu irclghta »nd aualysos 
of the mudeM Japanese JMins. 

LIBERIA (W. Africa) ; Same aa in the United 

Stntea. 
MADEIRA ISLANDS (Atlantic Ocean, off W. 

coast of Morocco, N. Africa) ; Same as in 

Portugal. 
MALTA ISLAND (Mediterranean Sea, S. of 

Sicily) T Official, same as in Great Britain. 
MAURITIUS ISLAND (Mascarcnc group, Indian 

Ocean) : Official, as in Great Britain ; also, 

100 hTrea (old poids de marc of France) :^ 

1 quintal, - - . - - -=107.9184 

MEXICO. — 8 ochavas = 1 onza ; 18 o. = 1 libra ; 

25 1. =; 1 arroba ; 4 a. :^ 1 quintal, - =: 101.4232 

MOROCCO (Biirbary, N. Africa): 10 onza = 1 

mark; 2 m. = 1 rati; 100 r. = 1 cantaro .= 118.C56e4 
HoTE. — Th« commercial rott of Uorocco, both In Ibcory and practlee, Is equal 
latbewelghtof 20 old etuidardduros (silver doUnrs) of Spain; the mlner>e totl 
ia rqual to 100 metlcalB (1 old Venetian libbra, pueo grosBO), Dt l.OSMU avoirdu- 
pois pound; and the market roll = IW metlcals. 
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COMMERCIAL WEIGIIIS, 



Foreign. 



U. Stales. 

Avoirdupois 



6.85711 
6.32U7 
7.91209 
7.3846 



G.88023 



Mozambique (E. Africa) : Samc as in Portueal- 

NOliWAY. — Same aa in Denmark. 

NUBIA (E. Africa) : Same as at Alesandvia, 

I^ypt. 
PERSIA. — 6 dii-hem = 2 maseais = 1 miscal = 
73.846154 troy grains. 
100 niiscala = 1 rotl or ratel, - - - = 

13Gi roll = 144 avoirdupois pounds. 
G^ rotl = 1 inaund tabroo (cuslome), - - = 

6 rotl ^: 1 " " (bazaar), - - = 

7 J rotl :^ 1 maund copra (uustoms), - - — 
7 rotl = 1 " " ^bazaar), - - = 
Also, 116| miscals = 1 rou copra (bazaar), and 

6 rotl copra = 1 maund copra, bazaar. 
2 mannds tabree (of Tabreez) t= 1 maund Bliali 

(of Sheeraz). 
IGOO miscals := 1 i-eh of Teheran ^ IG bazaar 

rotl of Tabi'eez := 6 okes of Turkey, 

Note. — Tbo maund Inbrce Is used chiofly for wciijhli 
ai^far-ilrnea, &c., and Uiemannd coprn (ur wuigliijig r)i» aiiu |iruvi~i<iii9, hut 

lasirmeotluaed part now Mongs lo tbe Musoat dominion. 

PORTUGAL. — 576 grao = 24 osoropulo = 8 ou- 

tava = l oin;ai 16 0. = 2 marco=^l arratel, =: 1.01187 
32 arratel ^ 1 arroba; 4 aiToba= 1 quintal, -=: 12y.51H3 
13^ qiiintalo = I tonelada. 
ROME and CieUa Veccliia.: 24 grao — 1 oncia; 12 
o. = 1 libbra; 10 1. =^ 1 dedme; 10 li. = I 
ccntinajo oi-cantaro, - - -=7'!. 7714 

10 centiniyo = 1 migliajo. 
RUSSIA. — 86 solotnik^Sa lotli =; 12 lana =^ I 

ftint, - - - - - -= 0.902612 

40 funt = 20 dowinik = ISJ trowinik =^ 8 pa- 

terik — 4 desaterik = 1 pud, - -:^ 36.10448 

10 puds =^ 1 berkowitz; 3 b. ^: 1 paken ; 2 p. 

SENEGAMBIA (W. Africa). — Bartursi, Slerre 
Lerme : Official, as in Great Britain, 
Si. Lows: Official, as in France. 
SOCOTRA ISLAND. (Indian Ocean, off E. coast 

. of Africa) : Same as at Muscat, Arabia. 
SPAIN. — Standard of Castile : 1 28 oohavas — 1 6 

onzas = 2 marcos =; 1 libra, - - — 1.0146143 
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34 a PooEidN coMUnltcut. wmQuts. 

Foreign. IT. Stales^ 

Avolrdtniota 

Ss libras =; 1 arroba; 4 a, = 1 quintal; 20 q. 
= 1 tonelada, - - - - — 202B.028 

Special and local, but not official : 
Valencia. — Alicante, §-c. .■ 12 oiize=^ I libra me- 

18 onze = 1 libra major (major) ; 24 I. mayor, 
or 36 1. menor, =: 1 arroba= l| Castilian ar- 

,roba, = 27.3919 

4 arrobas = 1 quintal ; 2i q. = 1 carga; 8 c. 
= 1 toneMa, .... =2191.291 

ASTuRrAS. — Santander, Sfc. : 25 libras =; 1 arro- 
ba = IJ arroba of CaBtiie, - - -=38.04429 
AsAGON. — Saragassa, ^c: 86 libra8= 1 arroba, ^ 27.3919 
Biscay. — Bilboa, Sfc. : 25 Ubras = 1 arroba ^^ 

l^CastJlian arroba,- - - -=26.948 

146 libras =^ 1 quintal macha (for iron). 
Catalonia, — Barcelona, ^o.: 25 libras =: 1 ar- 
roba = | Caatiliau arroba, - - - =1 22.1925. 
Andalusia. — Malaga: 7 arrobas (CaslUian) = 

Ij quintal = 1 caiga of raisins, - -=177.54 

Note, —The eniploymoDt of Uio metric Bystem of welglito U aancUoncd bj 
law io Bpsia. 

SWEDEN. — New standard : 1 00 kom = 1 ort ; 100 

o. = 1 skalpund ; 100 s. = 1 centner, - = 92.858$ 

SWITZERLAND. — iVeai ssslem: 32 lothe, m- 8, 

roa,= 1 unze; 16 u. =^1 pfund or Uvre = 
kilogram; 100 pfunda = 1 centner, - =110.2311 

TRIPOLI (Barbary, N. Africa.) — Ifl karob = 1 
dvacbma; 10 d. = 1 oncia or usano ^ OJ 
mificals w 1 troy ounce. 
16 oncia — 1 roil ; 100 r. = 1 eantaro, - = 109.7148- 

40O draebma = 1 oka, - - - - = 2.742857 

TUNIS (Barbary, N. Africa). — Same as in Tripoli. 
TURKEY. — 4 graiu= 1 kara, kilbt, or taim; 16 
k. ^= 1 dirhem or draohraia =b | miscal or 
nietical = 49^ tvoy grains. 
100 dirliems = Ichoki; 4 e. = 1 oka, - = 2,8I31&7 

250 dirhems =: 1 clieki for opium =: 166§ mis- 

cals, = 1.75836, 

Constantinople, Galala : 2 olieti = 1 roll or rotolo ; 
a r. = 1 oka; SO o. =^ 1 kantar or cajitaro 
grosBO, - - - - - = 140.65934 
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^BEIGH COttMEBCUL WeiQhM. 



176 dirhems = 1 rotl; 100 r. := 44 okes :^ 

cantaro sottUe, ... 

610 dirhems = 1 tefFeh of Brusa silk, - 

800 dirhems = 1 teffeh of goat's wooL 

Smyrna: 180 dirhems := 120 miacals =^ 1 

100 r. = 45 okes = 1 cantaro, 
44 okes = 1 cantaro for tin. 
In Bassorali the Arabs commonly employ the light 

wakea of 160 krat of Mocha ^ 1 troy ounce, 

or480grains; and 15 wakea= 1 cheki, - = 1.0285U3 
40wakea(2|cheki) = l oka, - - - =2.742857 

60 okes (2,000 wakea) = 1 euttra or cantaro, = 137.142857 

tJo™.— The Inlliat for Iho mroirdupola values of tho Turkish welghta, In the 

the AbvBHinian dirhem end iiv comparlaon; and the result. I find, tB almoat 
itrictly coDfirmed by aessys catefiilly made nC the UDlled-etiLles mlut and else- 
where, of the modern gold and silver coins of Ottoman mlnlage compared with 
their present official slandarda; viz., ^Aj. cheki of fine silver lo the piastre and 
le gold to the piastre. The Irog ounce, it is well known, was 
e Abyssinian dlThcm (drachma) or its mnlUnle by 10, (lie 
wusea, YHzis, ur wakega, and consists of 12 of Uic Grst-mentianed units, making 
the dlrhBm eqnivBlent lo 40 troy or United-Slates grains, while 120 of these dir- 
hems, or 1 rotl or rotolo of Abyssinia, Is equal to 65 miseala, or mellcals, or ^ 
raannd labreo {customs) of Persia; hence, 1 20 X 40 -f- 65 ^^ 73^4 troy 
gr^ua, the value of the Persian miscal. Bnt the ralscal, or metlcal of Persia, 
and that of Tnrkey are alike ; la theory it is lie same apectfic weight every- 
where; and 1 dirHom of Turkey la equal lo i misoal ; hence, 73UX | =^ 40X 
troygrahis, Uievalneof IhoTurklshdirbem, and4 dirhem of Perala are equal 
lo 1 dirhem of Turkey, and 81 miacals are equal lo 1 troy oanee. 

McCuUoch (not lo go farther back), In hla work pufillahed In 18S9, saya Bie 
cnoUroof Constnnttnople of 45 ofeaa is equal lo 127 .3 avolrdnpoSa pounds; or. 
In olber worda, that the oka of Constantinople Is equal to 2.BJ&67 ponuda ; and 
he states llie oka of Smvma lo be equal lo 2 lbs. 13 oi. 5 dr^ or 2.83203 pounds, 
the last-mentioned head (BDiymaJ, states the 
.. . same SB thoae of Constantinople, 
published in 1860, places tlie oka of Constantinople 



weights and measures lo he Uii 

Aleiander, in Ms work published in 1860, places the oka of Com 
n[ 2.828511 pounds, and that of Bmyina at 2.B1248a pounda, in a moasi 

lag llie Talaes byMeCnIloeh; while ]!Ioback.In awork of more re ^, 

says llie oka of Oonatandnopla Is emml to 1378.4^ grammea = 2,Slg56M pounds ; 
making it nearl; equal to Ibat oiBmyrna^ Alexander; and that Uio oka of 
Smynia la a little hsSTler, bdng equa) to iSSSB pounds. 

From tlieae eonfllatlnK atalamenti no tenable I3en eao be gained eieept this : 
-vi!.,UiattI»InltiaIand-lMdltigireIglitBof AbIb Minor (Anatolia) are probably 
IJieoreUcally and praoUoally the same aa those of Turkey In Europe. Tint this 
seems to admit of^no queaHon. since 1 batman of Persian ellk, containing I reh, 
or laOO miacals of Teheran, Is Invariably equal, both hi ConstauUnopte and 
Smyrna, to 6 okas of Turkey; wherefore, the oka le equal to l^ia ^ 266f 

miacals, or ;nnn ^^ ^H avoirdupois pounda, belt« sllBhOy heavier 

d a IrlQc lighter than that of ConetanUuo- 
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TOBEiaN OOHMEBOUt TTEIGHTS. 



West Indies. 



poimda. 



GREAT ANTILLR ISLANDS. — Cuba : Stan- 
dard of Castile. IC onzas = 1 libra; 25 1. 
=; 1 arroba [ 4 a. = 1 quintal ; 20 q. =; 1 ton- 
elada, - . - - - = 2029.028 

Hayti: Poids du marc of France, previous to 
A-D. 1800. 
16 onces — 1 livre ; 100 1 = 1 quintaux ; 10 q. 

= 1 millier, - - - - - = 1079.176 

2 milliers or barrinues = 1 tonneau. 

San Domingo, or Dominica ; Same as in Cuba. 

Porto RiCo : Safiie as in Cuba. 

Jamaica : 16 ounces =; 1 pound ; 28 p. = 1 quar- 
ter; 4q. = 1 cwt. ; 20cwt. = l Ion, - =2240.— 
LUCAYOS, OR BAHAMA ISLANDS.— Same 

as in Jamaica. 
CARIBBEE ISLANDS. Lee tr^iSD Group.— Ho- 
MiNicA, ToRTOLA, Virgin Gokda, St. 
CiiRiaTOPHER, Anouilla, Barduda, Ne- 
vis, Saba ; Same as in Jamaica. 

Antigua, Montsebrat ; 100 pounds ^ 1 cen- 
tal or cwt, - - . - -=100.— 

St, Eustacius: Official, as in Holland. 

Guadeloupe, Marie Gal ante, Desirade, 
Les 8AINTB9 ; Oflicial, as in France ; also 
as in Hayti. 

St. Martin : Dutch, as in Holland ; French, as 
in France ; also as in Hayti. 

St. Thomas, Santa Ckuz, St. Jan: Official, 
as in Denmark. 

St. Baetholomew ; Official, as in Sweden, 
WisoiVAiiD Group. — Barbadobs, Grenada, St, 
Vincent, Tobago : Same as in Jamaica. 

Martinique, St. Piekbe, St. Lucia : Same as 
in Hajti. 

Trinidad : Same as in Cuba ; official, bb in Great 
BritMn. 
LITTLE ANTILLES. — CuRACOA,Bura Atre, 
Oruba : Official, as in Holland. 

Margarita, Tortuga, Blanquilla : Same as 
in Venezuela. 
ZANGUEBAR (E. Afitic a). — Zanzibar (Island 
and Town). Consul's report : 12 maunds = 
I frasler, - - - - - =: 35, — 
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FOREIGN LIQUID MEASUKE8, 

BEDUCED TO THEIB EQUIVALENT VALUES IN THE UNITED 
STATES. 

Foreign, U. Slates- 

ABYSSINIA.— -By weight; see Weights. 
ALGERIA— Official, as b France ; also, 16§ litres 

= 1 khouUe ; 6 k. = 1 hectolitre, - -= 26.417 

ARABIA. — (Generally by weight.) Mocha: 20 

wakeas, (weiglit) =: 1 rmsfiah; 8 n. = 1 cuda 

or gudda =z 16 av, lbs. 
AUSTRALASIA. ~ Same as in Groat Britain. 
AUSTRIA ilegal for tte Empire) i 4 Beidel= 1 

maass; 10 m.^1 viertel; 4 V. = 1 eimer oj- 

oma, = U.9543 

33cimera = Ifuder; 42J maas3 = Ieimer for 

AZORE ISLANDS. — Same aa in Portogal. 

BALEARIC ISLANDS.— Majokoa: 8 quartas 
= 1 quartera; 3^ quarterag, or i quarlinel- 
los, = 1 quariin or barril ; 4 quartin ^ 1 
caraa ; 4 c. = 1 botta ^27 fluiil arrobas, or 
1 pipa of Castile, - - - - = 114.9692 

Minorca ; 8 quartaa ^ 1 qnartora ; 4 quarteraa, 
or 2J gerah, = 1 qiiartin or barril ; 4 barrila 
=:1 carga; 4 c. ^ 1 botta ^ 31 J fluid arro- 
baaofCaslile, - - - -=133.1635 

BELGIUM.— Same as in Franco. 

BERBERA. — Same aa at Mocha, Arabia. 

BERMUDA ISLANDS.- Official, as in Great 
Rritain; in trade, generally as in the United 
States. 

BOURBON ISLAND. — Same as in France. 

CANADA, Dominion of. — Official, as in Great 
Britain ; in trade, as in the United States. 

CANARY ISLANDS. — Same as in Spain, CastU- 
ian Standard. 

CANDIA ISLAND.— 1 mistata=8i okes weiglit, 

or, of olive oil, - - - -= 2.9337 

CAPE OF GOOD HOPE. — Same as in Great 
Britain. 

CAPE VERDE ISLANDS. — Same as in Portugal. 
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FOBGIQK LiqUID UH&SDBES. 



Fareign. U- Slaiea. 

Central and South America, 

WineeBllona. 
Guatemala, HoNDURAa, San 8alvai>or, Nica- 
BAGUA, CoaTA Rica ; Same as In Spain, 
standard of Castile ; also tlie trine gallon of 
the United States U used. 
Balizb : OSicial, as in Great Qritdn- 
Brazil: 34 qnartill)OS=: 12 garrafa:=6 Canada 
= 3 modida =; 1 alqueire or pote = 18 arra- 
fels weight - <■ - - - = 2.l8il8 

60 potes = 1 pipa = 1080 arratele weight, - = 131,051 
Bahia ; 1 Canada = Ibi arratels weight = 5^ 

canadaa of Kio Janeiro, - - - ^ 1.88083 

73canadas = l pipa of spirits,- - - =135.4193 

100 canadas = 1 pipa of molasses. 
Abgentinb Republic : 4 cuartos =, 1 fraaco ; 8 f. 

= 1 caneca = 19 litres in theory, - - = 5.01927 

3 frascos = 1 cortan ; 16 e. (6 canecas) = 1 

cai^a, - - - -- '— 30.11541 

4 cargas := 1 pipa catalana ; also, 8 frascos = 5 
U. S. gallons, nominally. 

Pebu, Chili, Bolivia, Ecuadob, New Granada, 
VeNEiUELA, Ubugdat, Paraguay : Chic- 
ly as in Spain, standard of Castile. 

NoTE.~In tbe Utalea laet mentioned, (lie U. B.wiiie gnllon ii mote orlcsx 
UBRdla trade: and In CtlJU it is tlie cuatoni9> unitmeaenre forliqaids. Aleo.ia 
Cblll. Peru, Now QraDada, Bnlivia, and Veneiuela, the uM of the meWo nj-alem 
i« BEinctiomjd by Ian, and mfy be expected to gradually come into oao, 

Guiana — Cayenne: Same aa in France. 
Partmaribo (Snrinani) ; Same aa in Holland ; also 

93 in Cayenne. 
Georgetown (Demerara) : Same aa in Great Britain. 
Falkland Islands s Same as in Great Britain- 
CHINA. — By weight only; for denomiaationa, see 

Dry Measures. 
DENMARK. — 43 pagol = 4 potte = 3 kande = 

1 stuhohen, = 1.02089 

40 stubehen := 20 vlertel ^ 4 anker = 1 ohm, = 40,83522 
li ohm = 1 oxehoved ; 3 oxehoved = 1 piba ; 

2 p. = 1 fuder ; IJ f. = 1 stykfad. 

84 stubehen ^ 1 toende for beer ; 30 stubehen 
= 1 toende for tar, 
EGYPT. — By we^t exclusively. See Weights. 
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FOBEIQN tlQUlD 

Foreim. U. States. 

Wine gullone. 

FRANCE. — 1,000 raillilitrea = 100 centilitres =: 

10 decilitres = 1 litre, » - - = 0.2G417 

100 litres = 10 decalitres = 1 hectolitre, - = 26,41 7029 

100 hectolitres =i 10 kilolitrea = 1 myrialitre. 
GERMANY. — Pmssiaa and ZoUverein maasse for 
all the States of the tmff-allianco : 2 oessel 
■=. 1 quart ; 30 q. ::r 1 anker ; 3 a. = 1 eimer 
= 3840 cubic Rhine zoUen ; or, since 3S| zol- 
len = 1 metre, = G8f|jm^ litres, - - = 1S.13S789 

2 ctmers ^ 1 aam, tdun, or ohm ; 3 cimers ;=: 
1 oxtoft ; : 2 cimers z= 1 fiider. 

3Jeiracrs = 3barrile = I faM/orSeer, - = 60.42263 

N'oi:e. — I have been tliaB psrtlcnlaJ- In treating of tbo clnier, becsuae the no- 
eioD acorns to be gcaeiall; enlerlalned tbat il ia cqgal in tiicory to aS.T litres. 

Speaal and local, or domestic .• 
Baden : lOOO maass = 100 stubchen = 
1 fader =; 15 hectolitres, 



10 ohm = 



= 1 mass, or n^sskanne; 60 






I eimer /or Jeer. 
ij- vlerling ; 4 q. 



Bkgubh; 4 mengel^l quarti 

= 1 stuhchen, ... 

2J stubchen = I viectil ; 5 v. =; 1 anker ; 

6 ankers =: 1 oxhoft ; 4 o. ^ 1 fiider ; 44 stub- 
chen =1 1 ahra for wine. 

6 stnbchen ^ 1 ateekannen ; 6 8. = 1 tonne for 
train oil = 216 pfunde weight, or, at 7f av; 
lbs b>,ttie gallon, . . - - 

Brunswick; 10 stubclienr^l anker; 4 a. = 1 
ahm ; 1 J aUm =: 1 oxhoft, . - . 

Hamburg; 8 oessel, plank, or stiick ^ 4 quartier, 
or potts ^^ 2 kannen =; 1 stubchen, - 

8 stubchen ^: 4 viertel ^: 1 eimer, 

32 stubchen = 1 anker ; 40 stubchen = 1 ohm ; 
SO stubchen = 1 oxhoft; 240 stubchen ;=1 

.. K&ssK Dabmstadt : 16 Echoppen = 4 masschen 

^ I viertel ; 20 t. := 1 ohm =16 decalitres, 

IvUBEC ; 16 ort = 8 plank, or nossel = 4 quartier 

= 2 kanne ^ 1 stubchen, - - - 

8 stubchen ^= i viertel ;^ 1 eimer, - 

5 viertels =; 1 anker ; 6 a. ^ 1 fass, - 



= 306.2555 
16.9452 

0.85106 
= 38-29781 

= 30.6073 
= 3D.2803 



= 0.954S 
— 7.6512 
= 57.384 
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40a FOREIGN LIQUID MBiSUEES. 



Foreign. U. Slates. 

Wine gallons, 
MecklemBURG (legai) : Same as in Hamburg. 
Oldenburg: 240 quartierSj or 156 kannies =^ 1 

oxhoft (legal) = 1 fudcr of Lubec. 
Saxony (legal) : 144 niissel = 73 kanne = 24 vicr- 

tel = 1 eimer, - • - - i= 17.8107 

2 eimera = 1 aam; 3 eiraerS3=l oshoft; 5 

eiraerB ^= 1 fass ; 1 2 eimers = 1 ftider, 
WuRTEMBBBO. — Helieick mass: i quartier, or 

echopp(m= 1 inaas ; 10 ni.=: 1 immei'; 16 i. 

— 1 ^mer ; 6 e. — 1 fuder, - - -==465.9036 
GREAT BlUTAlS.—lTitperial measure: Doiiom- 

inationa and rdalive values s&Tae as in ilie 

United States, but capacity values = 20^j^ 

per cent greater. . See Liquid Mbabukes, 

U.S. 
1 imperial ga\lon = ^mUoTl.200S203Umws 

gallons ot the United Stat«9. 
GRRECE. — 1 kiia, or gaJloni = 2J okas weight. 
HOLLAND. — 10 vingerboed = l maatje; 10 m. 

= I fcan ; 100 k. = I vat = 1 hectolitre, -= 2S.417 
HAWAIIAN ISLANDS. — Same as in the United 

States. 

India and Malaysia, or East Indies. 
Annam, BlTBMAH, Ciilcvlla, and Benqai. general- 
ly, Ckylon L, Philippine la., Soo-Loo la. 

— By weight. See Wbights. 

Bwnbaii, Madras: By weight, chiefly; (he wine 
gallon of the United Sta(«a is sometimes used. 
Goa: Same as in Portugal. 
Pondickerry : Offieial, ns in France. 

Malacca. — Capacity meaflures, same as in the 
United States. 

Pbnano Island. — Same as in Singapore. 

SiAM. — 20 canan ^^ I cohi = 80 catties weight, 

or 108.203 av. lbs., - - - -= 12.9757 

Sisqapore Island. — Capacity measures, same as 
those of the United States. 

Banca I., Borneo I., Celi;be8 I., Java I., Mo- 
lucca l9., Sumatra I.— Official, same as 
in Holland. 

ITALY. — The metric measures of capacity are 
used here, botb under the Freueh nomenclap 
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FoniirGN imniD miusoues. a 41 

Foreign. U. Slates. 

Wine gallons, 

tare and as Mows ; viz., 10 coppa = l pinta; 
10 p. = X mina ; 10 m. = 1 soma = 1 hec- 
tolitre, - - . - - = 26.41? 

JAPAN.— ltsjoo= A cubic fcaiii-sasi=106.09603 

cubic inclioa, =t 0.4592ff3 

10 tsjoo = 1 to ; 10 to = 1 iols ; 10 s.isi = 1 
goo ; 10 goo =: 1 tsjoo. 

I^TBEEIA. — Same as in the United States. 

MADEIRA ISLANDS. -— Same as in Portugal. 

MALTA ISLAND. — Official, same as fn Great 
Britiun ; also, 1 caiiiao of oil = 4.724 gatlona, 
and 1 barrile of wine t= 9.448 gallons. 

MAURITIUS ISLAND. — 8 pinte8=:l velt, - = 1.9(J9 

MEXICO. — Chiefly aa in Spain, CastiEan steii- 
dard ; but the nse of the metHc system is Ic 
galized, and may be expected Eoon to be in- 
troduced into pracliee. 

MOROCCO.— 

MOZAMBIQUE.— Same as in Portugal. 

NORWAY. — The Danish capacity moaanres are 
used here. 

NUBIA. — By weight, aa at Alexandria. 

PERSIA. — By weight See Weights. 

PORTUGAL. — 24 qnartilhos = 6. canadaa = 1 

alqudre, or vote =; 18 arratols iveight, - = 2.18418 

2pote3^^ I ahnude; 26 a. = 1 bota or pipa, - —113.5775 

2 botas =: 1 tonelada ; 18 almudes ^= 1 barril. 
Oporlo ! 1 alqueiro := 27J; arratcls weight, or ^^ 

alqueires of Lisbon, - - - - = 3.30036 

HOME, and Cioita VeCchia: 64 cartocci = 16 

qnartucci = 4 foglietti := 1 boccale, - = 0.481G5 

. 32 boccali = 1 barOe ; 16 b. = 1 boltft, - = 2*6.605 

82 boccale for wine = 28 boccale for oil. 
RUSSIA. — 100 tscharka = 10krushka = l vedro, 

orwedro, - - - - -= 3.24G74 

3 vedroa r= 1 anker ; 6 a. = 1 oxhoft, - = 58.4413 
40 vedros = I botsehka. 

SPAIN (^Castil'ian slOTidard) : 4 copas := 1 cuar- 
tiUo; 4 c. =; 1 azumbra; 8 a. := 1 arroba 
or cantaro = 35 lihras weight of distilled 
wal«r at maximum density, or 35.508 av. Iba., = 4.25815 

16 arrobaa = 1 moyo; 27 arrobae ^ 1 pipa; 

30 arrobas = I bota ; CO arrobaa := 1 tonelada. 

1 arroba menor_^ oil =: 27^ libras ivfiight, - =7 S.St.'iSri 
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Foreign. V. Stales. 

Wtoegsllona. 

Special and loccd : 
Alieanle and Vfdencia; IG cuartillos r= i euartoa 

=^ 1 arroba ^= | Castilian arrobas, - - = 3.19359 

40 arrobaa ^= 1 pipa; 2 p. = 1 tonelada, - :^ 255.48J2 
Also 100 cantaros of f Castilian arroba each =: 
1 tonetada. 
tSarcehna: 16 cortans (12 arrobas Catalan 
weight) = 1 carga = 7^ fluid arrobas of 
Castile, - - - - - = 31.9359 

Gibraltar: 38 arrobas mcnor of Cafitila = 1 pipa, =125.9795 
128 U. S. gallonSj or 105 imp. gallons in tbuory 

Malaga: 33^ fluid arrobas of Castile = 1 pipa, - = 141.9373 
Note.— Thoomployiaenlof Ihe metric capacity mcasurcB Is ennctloned by 

SWEDEN. — 4 qwartcr = 2 stop = 1 kanna = ^ 
cubit fot 
48 kannas = 8 ottingar = i fjerding ;= 1 tun- 

na, =33.184106 

SWITZERLAND. — (Oj^wiaf and kgdfartU 22 
Cantons) : 1000 emino = 100 maa^a or potts 
= 10 gelt = 1 aaum = 150 Htrea, - - = 39.02555 

TRIPOLI. — 14 oaraffa = 1 mataro for o3 = 1 7^ 
okas weight, or 48 av. lbs. 
40 caraffa = 1 barril^=50 okas weight; also 
24 bozza=l barile ^ ISO rotolos weight 
(62 okas), or, of the standard of tho United 
States, =: 17.10402 

TUNIS, — 2 mcttara for wme = 1 mettar for oil = 
3S rololi weight; 3^ mettars ^= 1 millcrolle 
= 120 rotoH weight for oil, or 231.G5716 av. 
Iba. 



Bpair. 

dard ; but in Cuba the U. S. gallon is also 
used : 36 gallons = 1 bocoy = 36 U. S. gal- 



nica (San Domingo, i 
Hayti I.) : Sauie a 
Castile. 
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BOItEIGN LIQUrD ME.VSl 

Sayti, Emsnre o/(Hayti l.)- — GO gallons 



Quadeloiipe, MaHvnique, Atarie Gulanie, Le» Saints, 
Desirade, norttiem portiou of Hi. Slariin. — 
Official, as in France ; but in trade the Uilltcd- 
States fluid gallon is chiefly used ; fiir nut- 
lasses, 30 galfona = 1 banll ; 05 gallons =S: 
1 tiet9on ; 105 gallons = 1 baueaiit : for rum, 
114 gallons = 1 boiwaut. 

Jamaica, Trinidad, Bahaiaas, Bariadoen, St. Ckrislo- 
pher, Dominica, Moniserrat, Grenada, SI. 
Lueia, Antwua, Tortola, Tobago, Neois, Fif- 

S'n Gorda, Grenadines: O^cial, aa in Great 
rilain; in trade, mostly as in the United 
States. 
St. Thomas, Santa Crux, St. Jan; Official, as in 

Denmark. 
St. EuslatittS, Ouraeoa, Buen Ayre, Oniha, southern 
portion of Si. Martin .■ Official, as in Holland. 
MarffOiila, Torluga, BlatiquiUa: Same as in Vene- 

Si. Bartholommi! : Official, as in Sweden. 
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FOREIGN DRY MEASURES, 

REDUCED TO THBIB EQUIVALENT VALUES IN T 



ABYSSINIA. — 24 madega = 1 ardeb, 
ALGERIA. — Official, as in France; also JG tairie 

= 6 saa or saha = I caffiso, - - = 

ARABIA. — By meiglit: 40 keUas = 1 tonjaun 

for rice^^ 5S maunds weight, or 168 av. Iba. 
AUSTRALIA. — Same as in Oreat Briteio. 



AZORE ISLANDS. — 16 quartoa =: 4 alqueirea 
^ 1 fanga; 15 f. =^I moio ^ J mOio of Lis- 
bon, = 20.529S 

BALEARIC ISLANDS. — G barcclla= 1 quartera 

= ]|fanega of Castile, - - -= 2.157 

BELGIUM. — 100 kop = 10 schcpel = 1 mudde 

= 1 hectolitre, - - - - t= 2.83774 

BERBERA. — 

BERMUDA ISLANDS. — Official, as in Great 
Britain ; the U. S. bushel ia also used. 

BOURBON ISLAND.— Same as in France. 

CANADA, Dominion op. — Official, as m Great 
Britain ; in trade, as in the United States, ex- 
cept that in Lower Canada the old French 
minot ^ 1.10743G U. S. bushels is used. 

CANARY ISLANDS. — 12 celamins=i fancga 

= 186 libras weight, - - - = 1.7773J 

1G3 eclamins = 1 fanega heaped. . 

CANDIA ISLAND. — Icarga, - - -= 4.32U 

CAPE OF GOOD HOPE.— Same as in Great 

Britain ; also, 4 schepela = 1 muld - - = 3.10G4 

CAPE VERDE ISLANDS. — Same as in Portugal. 

Central and South America. 

Guatemala, IIondura8, Sas Salvadou, Nic- 
aragua, Costa Kioa : Same as in Spain, 
Castilian standard ; but the U. S. bushel is 
also used. 
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rOBEION DRY MEAStHES, a 45 

Foreign. U. Stales. 

Winchester 
busbsls. 

BAtiZE. — Official, as in Great Britain, 
BliAZlL. — 16 quartas = 4 alqueirBi= 1 fanga; 15 

f. = 1 moio = ^ moio of FortugaJ, - - = 20:il08C 

Bahia : 1 alqueirc = 67^ avratels weight, or 2 J al- 

queires of Portugal, - - - -= 0.87U85 

■ Marankam: 1 alqueire=: 100 arratela weight, - t= l.303'I8 
Akgebtimk Kepcblic, Uruguay. — 4 cuartillos 

=:! fanega^ 134 litres, - - -= 3.80257 

CniLi. — 12 celainins=;l fan^a, - - - = 2.5753 

Peeu. — 1 fanega, - - - - -= 2.31777 

Bolivia, Ecuador, New Gbanada, Venezuki^, 

Paraguay : Chiefly as in Spain, Castilian 

standard. 
Guiana. — Cayenne: Same as In France. 
Paramaribo : Same as in Holland, also as In Cayenne. 

XOTE.— Tbe use of the metric Bj'stem la eanctJoncd by tnvtn Chill, Feni, 
New araiindB, Bolivia, Veuesueln, nnd French and Dutch Qulnnn, and, to eonie 
extent, in iutiwuced IntA pTactJce. 

Georgetown ; Same aa in Great Britain. 
Falkland Islanps. ~ Same as in Great Britain. 
CHINA.— 10 ho = l shing; 10 h. = 1 tau; 10 t 
=:! hwiih, aei, ortane = 120 catties weight 
= 160av. Ibfl, 
DENMAUK. — 32 scxtingkar = IG ottiiigkar = 2 
skieppe = I Qerding, stubchen, or scheffe! 
= 36potte, - - - - -= 0.98G98 

4 fjerdJng =^ 1 tocnde ; 22 t. =: 1 last, - - = 8G.854C 

EGYPT. — Cairo: 24 roM = G usbek = 1 arJeb = 

144 okas-woight, - - - - = 5.088 

Alexandria, Rosetia: 1 kialos= 137 okas weight, ■=^ 4.840C5 

1 rebeb = 126 okas weight, - - -= 4.45198 

I araeb = 230-okaB weight, - - -=8.12063 

FRANCE. — 100 litres =10 decalitres = I heeto- 

Klre, - . ' _ . . . = 2.83774 

1001ieclolitres=I0kilol!trea = l ra^Tialitre, - =283.774 
GERMANY. — Pbdssia, and Zollverein mass of 
alt the States of the tariff-alliance : 1 6 mctzen 
(8072 cubic Ehein zoUen, or 48 lluid zollver- 
ein quarts) = 1 Bcheffel, - ' - - r= 1.55770 
Special andlocal: 
Baden : 1000 becher = 1 00 massleln = 10 sester = 

1 iiialter = l} hectolitre, - - -= 4.25CC1 

1 matters =: 1 zobcr. 
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BOliEtON tir.Y MBAStr.Eg. 



Wmdieeter 

bueheltu 

Bavabia: 16drci9siEer:^4masscl^l viertcl, -= 0.525855 

12 vicrtda (17 j fluid miisskfiniic, or six old met- 

zen) = 1 Bcheffel, - - - - = G.3102G3 

BitEMKN: 16 spint = 4 viertel=I scheffiil, -= 2.10289 

10 seheffels = l quarter; 4q.:^liast, - ^8-1.11572 

Hkdnswick: 4 metzcn =^ 1 liimt; 40 h, ^:1 wis- 

pel, ------ ;^ 35.35 14 

IIamisuho; 8 spirits 3 himten^:^! faBs=:l zoll- 

verein sohefFel, ' - . - - - ~ 1.5577C 

10 scheffels = 1 wispel ; 6 w. — 1 last, . - = i)3,4C5fl 

IIi^ssE Darmstadt : G4 kopfchen ^ 32 maa^schcn 

^ 8 gescheid ^ 2 kiimpf =:: 1 metze, - = 0.45404 

8 metzen = 2 simmer = 1 malter= 128 litres, = 3.G32308 
LuBEC: lflfass = 4schoffels = l tonne, - - =^ 3.0381 

3tflnDen=I dromt; .8 d. = l last, - - —04.5139 

Mecklenburg : 16 spint, or raetzcn^::^4 fasa, or 

viertel=:lschcffel, - - - -= l.lOSGgS 

4 scheffels r= 1 wispel ; 3w, = lkst, - -^105.9483 

Oldenburg ; 16 kannen = 1 schefful ; 8 b. ^^ 1 

tonne, - - - ■ . - = 5.1753C 

lJtonne = l molt; 12m.= lla9t, - ' -=83.15G5 

Saxony; lGinS3schen^4metzen = l viortel, - ^= 0.73713 

4 ¥iertels=I scheiFel; 12 a. = l malter, ■- =35.3823 

2iiialters=l wispel; 6 w. = l last, - - — 424.587G 

Wurtembeko : 82 vierlelem=8 eeklcin=^! vier- 

lin^ - - - . - - = 0.157172 

32 viorlii]" = 8simri = l scheffel, - - = .5.0295 

GREAT BRlI AIS. — ImpericU measure! Denom- 
inations and relative values same as in tike 
United States; but capacity values = f |f iM 
greater; 1 bushel = 1.03I5157 U. S. buslids. 
GREECE.— Ikilay - - - -= 0.944 

HOLLAND. — . 1000 maatjc = 100 kopen = 10 

schepel = 1 mudde or hoc = 1 hectolitre, - = 2.83774 
30mudden = l last, - - - .^8fl.l322 

India and Malaysia, or East Indies. 
Anijam, EcRMAH, Ceylon Islahd : By weight. 

See Weights. 
iriNDOSTAB, — Bomhay: 8 lippreeSi=4 seers =: 1 

adoulie. 
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Foreign. U. Stales. 

Winchoeter 
buehuJs. 

16 adouliesr=I para^SJ maimds weight, or 

245 av. lbs., - - - - -— 3.15C07 

8 paraa =r 1 candy ^^ 70 maunds weight, - = 25.248545 

CtUcuUa: 80 chattac:^16 koonke=^4 raik = l 
pallie=:5 seers weight, or 9 J av, lbs.: 12 pal- 
lies =:1 niorah=;lJ factory maunda weight, 
or 112 av. lbs. 
20 pallies =^ 1 aoalle*^ 2^ factory maunds, or 

ISef av. lbs. 
16 Boallcce (40 maunds, or 2986^ av. lbs.) ~ 1 
kahoon, - - - - ■ - =:38.'173D; 

Madras : 64 ollock = 8 puddy ^^ 1 mareal. 
5 niarcal3=;l para =r5| maunda weight, or 135 

av. iba. 
80paraa = l garce=;432 maunda, or 10800 av. 

lbs., =139.12464 

Goa: Same as in Fortugal. 
Pondkherry : Same as in France. 
Malacca. — The Winchester bushel ia used, also 

the coyang of Siam. 
Penang Island. — Generally aa in the United 

Stafea. 
SiAM. — 40 sat=l sesti; 40 b.= 1 colli; 65 c.= 
1 coyang = 52 pecula weight, or 7083.1872 

av. lbs., = 90.6009 

SiNGAPOBB Island. — Generally aa in the United 

Banca Island, Borneo Island, Celebes Is- 
land, Java Island, Molucca Islands, 
SuMATBA Island, — Official, as in Holland. 

ITALY. — See Liquid Mbasubes: 

1 soma (hectolitre), - - - -= 2.83774 

JAPAN. — Sec LiqujD MEAsrRKS ; 

1 kofc (6i cubic kani-sasi), - - -^ 4.93376 

LIBERIA.— Same aa in the United States. 

MADEIRA ISLANDS.— Same as in Portugal. 

MALTA ISLAND. — Official, as in Great Britain; 

alao, 1 salma rasa (ft salma colma), - - = 8.2202 

MAURITIUS ISLAND. — Official, as in Great 
Britain. 

MEXICO.—Chiefly as in Spain, standawl of Cas- 
tile; but the use of the metric system is sanc- 
tioned by law. 
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Foreign. U. Stales, 

Wlnoliealcr 

MOROCCO.— 

MOZAMBIQUE. — Portuguese measures nrc used here. 
NORWAY. — Same as in Denmark. 
PEHSIA. — 8 Bcxtarioa^:^ 2 ohfjiiicas ::^ 1 capidia. 
25 capichas ^= 8 colothuna = 1 artaba ^ 21 

maunds tabree (customs), or 1-I4 av. lbs., - = 1.8541 
22 sextarios = l sabbitha, - - -= 0.20395 

15 eapiobas= 1 legana, - - - ^^ 1.1124G 

PORTUGAL lGquartos=4 aJqueircs= 1 fanga 

' = 120 arratels weight, - - - = 1.5G418 

15 fangas = 1 moio = 1800 arratela wciglit, - = 23.46267 
OpoTio: 1 fanga =^1^ fanga of Lisbon, or 150 ar- 

■ ratels weight, - - - - := 1.95522 

ROME. — 88 quarlucci = 22 scatzi = 16 starelli — 
12 staja:=8 quarterulla =; 4 quarte i= 2 rub- 
tiatilli = 1 rubbio, - - - - — 8.3562 

RUSSIA. — 32 garnctz = IG tsuhctwertka — 4 

tschetwerik= 2 payak ^ 1 osmin, - - = 2.07*607 

2 osminB:=^ 1 tschetwert; 14 t.^ 1 kub!. 
SANDWICH ISLANDS. — Same aa in .the 

United States. 
SPAIN (Standm-d of Casiile).--!^ racion = 4 
qiiiutilloss 1 celemin, or" almuda i 12 cela- 
mins = 4 cuartilla^l fancga^4| arrobaa 
weight of distilled water at maximujn density, 
or 123.C4393 av. Iba., - - - — 1.5!)277 

12fan(^as:=l caliiz, - - - -— 1!).113241 

Sp^ial and local : 

Alicante; 4 celaniins=:l bareella; 13b. :^I c.t- 

Iiiz = ^f cahiz of Castile, - - -= C.95030G 

Barcelona: 48 picotJD^12 cortan^^l quartera 

^ 6| Castilian arrobas weight, - - = 2.08285 

2i quarter.'\s:=l cargn ; 4 quart^T.is ^; 1 Raima. 
SWEDEN.- 4 quartur=2 stop— I kaiina — ^'j 
eubic fot. 
7 kanna=4fcappe — 1 fjenliiig, - - = 0.519847 

4 fjerding— 1 spann; 2 s, — 1 tunn.i, - - = 4.158777' 

Se tapper 1 tunnu (firm measurti), - - ~ 4.878624 

SWITZERLAND.— (Offidal and legiJ for Uio 23 
Cantons) ; 
100 immi — 10 viurlel, gelt, or quartcron = 1 

malter — 150 litres, - - - - — 4.25GG1 

Also, IG jiiussli=:4 vicrling=:l viertel. 
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TRIPOLI.=2nufs-orbah=lorbali; iorbahs^l 

temen; 4 t. = 1 ucba = 2ie rotla weight, -= 3.05279 

TUNIS— 12 ziUi, or salia=El qiiiba; 16 q.n^l 

caffiEO = 425 okas weight, . - - i=;15.01663 

TURKEy.~4kiloz = I fortin= 110 gkaa weiglit, = 3.386315 

West Indies. 

Cuba, Porto Rico, San Domingo : Same as in Spain, 
standard of Castile. 

Hayii, Empire of. — 16 Iitronsi=l boissoau; 12b. 

= 1 setiere, = 4.4299 

Gatideloupe, Martinique, Marie Galante, Desirade, 
northern pcrtion of iS(. Martin, Les Saints. — 
Official, as in Franco ; also, as ia Haj'ti ; and 
the U. S. bushel ia often used. 

Jfimaica, Trinidad, BcAantaa, Barbadom, St. ChristO' 
plier, Dominica, Montserrat, Grenada, Si. Lu- 
cia, Anl^ua, Toriola, Tobapo, Nevis, Virgin 
G<^a, Grenadines. — Official, as in Great 
Britain ; in trade, ^nerally aa in the United 
Stalea, but in Trinidad often as in Hagti. 

St. Thomas, Santa Cruz, St. Jan.— Official, as in 
Denmark. 

67. Easlatius, Curacoa, Buen Ayre, Omba, southern 
portion of St. Martin. — Official, as in IM- 

Margarita, Torluga, BlatiquiUa. — Same as in Venc- 

Sl. Bartholomem. — Official, as in Sweden. 
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5IEM0RANDA AND ADDENDA, 



Great Ekitain. — In Great Bntain, sovereigns veishiag not 
lesB Aan 122f grains are a legal tender for a pound sterling each ; 
which makes the minimum value of a pound sterling in gola equal 
to $4.8458226 ; and this value of the pound Btorliug, Tery nearly, 
is adapted by the United-States Government in assessing duties 
on British invoices. 

Goods b'j weight, pas^ng through a British custom-houae, nnd 
subject to duties, arc sutgect to an allowance, called drajl or Irel, 
for supposed waste over and above the actual tares, aa follows ; viz., 
on 1 cwt. (112 lbs.), 1 Ih. ; above I cwt. and under 2 cwt, 2 Ibd. ; 
■yn 2 cwt. and under 3 cwt., 3 lira.; on 3 cwt. and under 10 cwt., 

4 lbs; on 10 cwt. nnd under 18 cwt., 7 lbs; and on IS cwL and 
upwards, 3 lbs. These allowances were also made at the United- 
States custom-housea, until July 14, 18G2, when the disconti^u- 
ancc of the practice was ordered by law. Tlioso are the chief 
reasons why goods by weight from the United States fall short of 
weight at mo British custom-houses. 

ConwU, or Consolidated Annuities, represent a considerable 
portion of the public debt of Great Britain : they bear interest at 
the rata of three per cent, a year, payable semi-aonually, and are 
transferable. 

The quotations in London of the prices of United-States Bonds, 
and of American Stocks generally, are in cents per dollar, pay- 
.ible in United-Statfis gold coins ; and upon the old basis of ti^ to 
the £. To these qnotalaons, therefore, 9J per cent, must be added 
to express the real price. 

The silver dollars coined by the Britisli government for cmjula- 
tion In China weigh 415.4 grains, and are A fine ; they ore, there- 
fore, intrinsically of the same worth as Mexican dollars. 

Fbancb,— The prices of United- Slates Bonds, nnd of American 
slocks generally, are quoted In Paris in cents per dollar, payable 
in French silver coins, and upon the conventional Bourse rate of 

5 francs to the dollar; whereby the rale of exchange affects the 
prices. From tlio Paris quotations, therefore, 3.8173 per cent 
must be deducted W) express the true prices, when exchange is at 
par, or when a dollar in United-Stales gold is quoted at ft- 5 14086 

A tolerance of weight in excess of flie standard, and In excess 
only, is allowed in France ; while m the United States and hi 
Great Brilain, strict conformity to the standards is required : Uius 
It happens that the model Blandards of weight, sent abroad from 
France, are commonly found to be slightly in excess of the true 
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MBMOKANDA AND ADDOSNDA. ffl 51 



The tolerance or rcJiiedy apok 

Od Iroa Kdghti of 60 ki' 

(iileraace 10 giBnuaee; i 
tolerance l gramma. 

On a^per or l>raes vtdghts of SO kllogrammcB, toleranco 1^ grammea; 6 
IdlograRimeB. tolentnco }i sramme; 3 kilogtamiaes, tolerance ^ gramme; 1 
kiloSmmme, totecauce 1^ decicrammea. 

Frankfort.— At Frankfort the prices of UDited-States Bonds, 
and of American atoclts generally, are quoted in cents per dollar, 
payable cither in United States gold coins or in guilders at tbe con- 
Tentional rale of SJ guilders to the dollar. To these quotations, 
therefore, when payable in guilders, S.OTi poi' cent must be added 
to express the true pricea. 

Sicily.— Although the French franc is now the official measure 
of value in Sicily, yet In commercial transactions the old nomen- 
clature and values are still chiefly used, viz : 3600 picioli = 600 
graiii — 80 tari = 1 oncia = 1 oacetta of Naples = 57.B38 grMua of 
fine gold = $3.48317. 

United mates. — Silver dollar-pieces of the standard of 1834 to 
1853, and no others, are slill coined by this government in greater 
or less numbers every year; but th^ lu^ intended mainly for for- 
ijign circulation, and bear a premium at home. They are worth, 
measured 1^ the present standard for silver coins of less denomina- 
tions than one dollar, $1.0743 each ; and measured by the prcvaii- 
ing commercial relations of gold to silver as 15| to 1 for equal 
weights, they are wortli fl.Cfl each in United-Blal«B gold coins of 
the present standard. See page 3, Sbo. A. 

Canada. — The new silver coins of the doUar denomination, first 
coined by the British government In 1870 for circulation in tlie 
Dominion of Canada, weigh at the rate of 360 grains to the dollar, 
and are Ji Hue. They are therefore worth BSJi cents per nominal 
dollar's wortb, measured by the standard silver coins of the United 
States of less denominations than one dollar; or they are worth 
$0.93375 per nominal dollar's wortb, measured by United-States 
gold coins. Five of the colonial Bllver shillings of Canada are 
equal invalue lo four quarter-dollars or t*o half-dollars of the 
new coin. See Canada, Dominion of, page 5, Skc. A. 
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E ALLOWANCES ON PUTIABLB GOODS. 



CUSTOMS TARES, 



By an Act of CongreBS passed July 14, 18G2, it is provided 
that whoD the original invoice is produced at the time oi^ making 
entry thereof, and the tare shall be specified therein, it shall be 
lawful for the collector, if he shall see fit, with tbe consent of the 
consi^eea, to estimate the said tare according to such invoice; 
and mat in all otber cases the real tare shall be allowed, and may 
be ascertained, under such regulations as the Secretaiy of the 
Treasury may from tinie to time prescribe; and lliat hereafter 
there shall be no allowance foi drafl. And, in accordance with 
these provisions, the following rates of tare wore adopted : — 



Almonds, in bags 
" ia bafes . 
" in frails . 

Alum, in casks 

" coarse or ground, i 
sacks, 2 lbs. per sack. 

Barytes . 

Cheese, in casks or tubs 

Cassia, in mats 

Cinnamon, in bi 

Chicory, in bags 

Cocoa, in bags . 

Coffee, lUo, in single bags 
" " in double bags 
" all others, actual tare. 
Copperas, in casks . 
Currants, in casks . 
Hemp, Manilla, in bales, 4 

pounds per bale. 
Hemp, Hantbuis, Leghorn, 

or Trieste, in bales, 5 lbs. 

per bale. 
Indigo, in ceroons . 
Melado . 
NmIs, in bags . 

Ochre, dry, in casks 

" in oil, in casks 
Paris white, in casks 
Peruvian bark, in ceroona 



Pepper 



single bags 
in double bags 
Pimento, in bags 
Baisins, in casks 
" in boxes 
" in half-bojces 
" in quarter-boxe 
" in frails 



casks . . 
Spanish brown, ii 
casks . 



Salt, fine, in sacks, 3 

per saiA. 
Tea, China or Japan 

Tea, all others, actual tare. 

Tobacco, leaf, in bales, 10 
pounds per bale. 

Tobacco, leaf, in. bales, ex- 
tra covers, 12 pounds per 
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SECTION B. 

REDUCTIONS, EXCHANGE, INVESTMENTS, MIXED 
NEGOTIATIONS, &c., &c. 

Pkoposition I. — When adoUar in gold is worth a dollar and 
diirty cents in currency, -what ia the value of a currency dollar V 
1-^1.30 = 60.7G923I, or 76 cents 9.231 mills. Ans. 

Phop, 2, — When gold ia nominally at a premium of 35 J per 
cent., at what discount is currency ? 



and a deduction of r per cent, of it? 

P^Pr=P{l-~r), the present worth. Ana. 
Pkop. 4. — What ia the difference between a given principal, 
P, and a discount of r per cent of it? 

P ,v. ■ ■ -iL = ——, the present worth. Ans, 

i+r i+y ^ 

Pkop. 5. — Express the difference per dollar between deduction 
at r per cent., and discount at the same rate per cent. 

a-o-ji-, .... 

Prop. 6. — Express the discount, d, on a given principal, P, for 
B ^ven lime in days, (, at a given rate, r, per cent, per annum, 

d= ^'^ , =.£}-= P~w,i being the intercBt on 1 
865 4- (r 1-1-i > => 

dollar for the given time at the ^ven rate, and to the present 

worth for the same time and rate ; whence, w = — — = 

' ' B65 + (r 1 + i 

i= P — d. See DiacouST, page 129. 

Prop. 7. — Tlie foregoing proposition (Prop. G) ; escept that 

tUo time, T, is in years, or yeara and decimal parts of a year ? 

d=PTr^il + Tr). Ans. 

Prop. 8. — The foregoing proposition (Prop, 6), except that the 

time, m, is given in monUis, or months and decimal partb of a month ? 

d=tPffl!-4-C124-mr). Ans. 

Prop. 9. — To convert time in days into calendar months and 

decimal parts of a month; m= lid -r- 366; hut the converse 

of this, viz., d = 365m -7- 12, ia not liable to be true in practice, 
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since difierent calendar months are made up of an unlike number 
of days ; and, Ihereibre, those immediately under conBideration may 
contain a greater or less number of days. 

PUOP. 10. — What is the intrinsic equivalent in Federal money 
of £712 10s. did. sterling? 

Prop. 11.— -Kcducc f34G7.GlG6 to its intrinsic equivalent in 
Steriing money. 

34G7.GIGG -f- 4.8GG5G = 712.53958 

20 

10.7a 16 

13 

9.4932 £712 10s. 9id. Aia. 
Prop. 12, — Express the equivalent in Federal money, $, of a 
given quantity in atcriing money, £, at a given true or direet rate 
of exchange, r, that is (o say, at a rate of exchange based upon 
the intrinsic equivalent of the two denomiuations cHf money. 
$ = £ X 4.86656 Xr. Ang. 
Prop. 13. — Express the equivalent in Federal money of a 
given quantity in sterling money, rated by the former intrinsic par 
of 4». 6d. sterling to the dollar, the ^ven rate of exchange, J^ 
being upon the same basis. 

f„ ^X40X/ _ i^X4.8665GX/ j^ 

9 1.00498 

KxAMPt.K. — What is the equivalent in Federal money of 

£435 7s. Bd. steriing, rated by the former intrinsic par of $4| to 

Hie £, the rate of exchange upon the same basis being iTlO^? 

436.375 X 4 X 1.1025 __ 435.375 X 4.8CG56 X 1-1025 _ 

_— ^_- IJ-— ~ 139498 ~ 

$2133.3375. Ans. 
Prop. 14. — Reduce F1172.3G (1172 francs, 3G centimes Of 
France) to its equivalent in Federal money 1 

1172.3G X 0.19452=1172.3S-i-5.14086 = 8228.05. Ans. 

Prop. 15. — Express tlie intrinric or par equivalent of francs, 

F, or francs and decimal parts of a franc, in Federal money, $ ; 

« = f X 0,19452 = P-^5.14086. Ans. 

f — $^0.19452^SX5.1408G. Am. 
Prop. IG. — Express the intrinsic equivalent of marks banco, 
M, or marks an(l decimal parts of a mark banco of Hamburg, 
Ixmdon rate, in Federal money ; and vice versa. 

$ = MX 0.35393=:jtf-^ 2.8254. Ans. 

M= f X 2-8254 = S -^ 0,35393. Ans. 
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' Example. — What is the equivalent in Federal money of 6473 
marks, 12 scliiUiags banco of Hamburg, London rate? 

6473.75 !<0;35393=6473.75-+-2.8354=:$3390.«). Am. 

Pbop. 17. — Which is llie most advant^ous purchase, other 

tiling being equal; viz., bills of exchange on London at l.llH, 

rate of 4«. M. sterling to the dollar ; or on Paris at P5.15 to the 

dollori or on Hamburg at 35| cents i^er mark banco ? 

1.105 -^ 1.09498 = I.00915I-, London. 

5.15 -^ 5.14080 = 1.00178-, Paris. 

35.fi254-35.S93 = 1.00G55*, Hamburg. 

Bi!U on Paris. Ans. 

Note. — LanaoTiilUows, Bi tho iDtriDeia par, £1 forF23.ai=10.304 Foderni 
cents per tnuic, InsMad of 19.152, Iho prcrailinK cnmnei-Glnt par. But at tbo 
BsmeJmeQTeutBritiiJii values the silver frano of France, mesenrcd bylbe sil- 
ver m her own eliser ooinago, at £1 = ^Ml^ifM* =23.M9-1- fronc8 = 
SO.93231-1- Federal cents per frano. 

Of Notes for discount, and their aoails at hank. 

Prop. 18. — When the time of the note is expressly written in 

days; or when the actual number of days in tlie specified time are 

employed ; lha.t is, when (he true time is taken, and taken in days, 

P = _?£^,and3=:^<2S£=:^, P being the principal or 

365 — ir 365 b r r 

face of the note, a the avails or sura advanced by the bant, I the 

time including grace, and r the rate of the Interest or discount per 

annum. See Bank Discoumt, p. 127. 

Example. — What mnst be the principal of a note payable in 
90 days, in order that the equitaMe avails at bank, for the time of 
the noC« and 3 days grncc, the rate being G per cent., shall be 
$1000? 

__3 05X1000 ..^jtl015.53. Am. 
3G5 — 93 X .OS 
Prop. 19. — When tlio time of the note is expressly written in 
months, and a month is taken to be the ^ part of a calendar 

T= ^^^ , and a = P^^^-^m X .1)} „, ^i 

12— r(m4-0.I) 12 ' * 

the lime in months, and .1 being ^ of a month, or the usual 3 
days grace. 

KxAHPT.E. — flOOO are to be obtained from a bank, on a note 
having three months to maturity, and three days grace ; the rate 
being 6 per cent., for what sum must the note bo drawn 7 
12X100 _j^^^_j^_ ^^^_ 
16 

3 dsfi, mean Unie, are mure tban 93 dxyn. 
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Prop. 20. — When the true lime of tlic note ia taken in montlis 
or days, and a year. is assumed to consist of 1 2 months of 30 days 
each, or of 360 days only, 

360 — (r' 860 

Example. — What must be tho principal of a note for discount, 
payable in 90 days after acceptance, that the proceeds at bank shall 
bo SIOOO, thcrato being 6 per cent., the grace 3 days, and the 
bank aemniing that a year conaists of 360 days only ? 
360X1000 ^si(,i5.74. Ans. 
360 — 93 X -06 
Note. — ThBGoToramentof ftoUnlWiieiatca.anaaiKCourtB. in raatf«ra of 
intLTCHt mid (llBconnt, reckon Hme at MS duys » the year; nndin Grem Britain, 
Vnujce, and all Europe, a year, for like purposea, cool^ns 395 days. 

Prop. 21. — ^A note on time, without interest, dated Jan. 2, 
1868, is to he given in exchange for the following obligations ; the 
time of the note is required. 

Note, due March 3, 18C8, for f 370. 

Bond, " April 16, " 830.50- 

Note, " June 11, „ " 1120. 

Acc't, " June 4, " 127.50 



From Jan. 


2 to March 3 is 


61 days X 


370 


= 22570 




2 to April 


16 is 


105 " 


X 


831 


= 87255 




2 to June 


H is 


161 " 


X 


1120 


= 180320 


" " 


2 to " 


4 is 


154 " 


X 


127 
2448 


= 19558 
)309703C 


after Jan. 2 


= May 8. 


, 1868 


1. Am 








But this 


ii-~h 


equivalent t 


finding i 


the common 



maturity of the obligations to be transferred, which must be the 

Example. — Duo March 3, $370 X =; 

" April 16, 831 X 44 = 36564 
" June 11, 1120 X 100 = 112000 
" " ^' ^'^ X 93 = 11811 

2448 ) 160375(66 days 

after March 3, ^= May 8, 1868. See Equation of Payments, 
pi^ 132. 

Peop. 22, — A note dated March 1, 1869, and bearing liitei'est 
at 7 per cent, from date, is to be given in exchange for the follow- 
ing oDligationB ; the principal of the note la required. 
1869, Fob. 16, settlement note on interest, value of, this 

day, 1327.36 

'• March 27, acceptance of this date for 1000.00 

" May 4, account, averaging due this date, 653.73 
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1860, Fiib. IC, due S327 
" M'ch. 27, " 1000X89 = 39000 
" May4, " 659 X^^ = 50743 

$1986 )89743(45.2 days later than 

■ Feb. IG, = April 3, I8G9, the day on which the ^ven obliplions 
collectively become due, or average due ; *hich is S2 days hUei- or 
after March 1, 1869 : then, since the adjustment involves discount 
instead of intereat, 

p_ 3S5a. „ 365X 1986 _^^.,,<iaa- A«s. 
SfiS + ij- 365 -f 32 X. 07 
In which P repvoaents the principal, or face of the new note, a 
Ihe sum of the obligaliona to he transferred or cancelled, ( the time 
in days of the adjusting interest or diacoiint, and r the rate of the 
interest or discount. 

Psop. 23. — The forgoing proposition (Prop. 22), except that 
the new note is to be dated July 1, 18e9, instead of March 1, 18G9. 
Trom April 3, '69, to July 1, '69, is 50 days, ihe number of days 
that April 3d is eaWier or ^reusous to July lat: then, since the ad- 
justment involves interest instead of discount, 

365 865 

PitOP. 24. — Suppose we equate ihe time of the following de- 
mands by the common rule, and then make »p the account correct- 
ly by interest and discount to the given dates, and thence to the 
equat«il time, by way of exhibiting general pvinciplea, and the 
bearing of the common rule of average upon those principles. 
Interest and discount at 7 per cent. 
I8G8, note due March 10 for $500 
■ " " " Jane 8 » 750 X 90= 67500 
" " " Sept. 6 " 1050 X 180 — 180000 

2300 ) 356500 ( 112 days 

later than March 10, — June SO, '68, the dsy on which the given 
demands ($2300) are assumed to collectively mature. 

$500 due March 10, worth March 10 $500. 

750 " June 8, " " 10 (90 days' diac't.) 737.28 

1950 « Sept. 6, " " 10 (180 " " J 1014.96 

$2253.24 ; 

worth, Juno 30 (112 days' interest), $2300.62, (True lime = 

1G5(P — w) -^ior^ 112 — 365 (JT—P) -i-Pc) 

$500 due March 10, worth June 8 (90 days' interest) $508.63 

750 " June 8, " " 8 750.00 

iOSO " Sept. 6, " " 8 (90 days' discount) 1032.18 

(, $2290.81 ; 
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worth, June SO (22 days' interest) $2300.13. (True time = 
3C5(P -_ Ml) -i- ar -|- 50.) 

»500 ducMarcb 10, worth Sept. 6 (180 daya' interest) $51 7.2G 
750 " June 8, " " G ( 90 » " ) 762.95 

lOSO " Sept. e, " " 6 1 050.00 

$2S30.21 ; 
wordi, June 30 (68 days' discount), $2300,21, (True time = 
180 — 36S(«i— P)-HPi-.) 
$500 due March 10, worth June 30 (112 days' int) $510,71 
750 " June 8, " " 80 ( 22 " " ) 753.17 
1050 " Sept. G, " « SO ( 63 " disc't.) 1036.48 = 
$2300.36. (True time = 112 — 965(w — P) -f-P/-= 111.184 

Note. — Ontbo DaantnpUon tbat elmpte (ntereet le justly duo and payable 
preaent worth mure lliBn B your due previous to tUe mnlutlty of tho debt [stest 

Pbop, 25. — A man sold two horses for $150 apiece, one at a 
projtt of 25 per cent., and the other at a loss of 20 per cent.; 
which was tUe greater, the profit or the loss on the two sales, and 
what sum of money expresses the difference? 

150 -r (1 — .20) =$187.50, cost of the horse sold at a loss, and 
187.50 — 150 = $37.50 loss; l50-i-(l-j-.25) ^120, cost of the 
horse sold ataprofit, and 150 — 120 = 830 profit; then 37.50 — 
30 = $7.50 loss greater than the profit. Ans. 

PitOP. 26. — A merchant sold two packages of goods fertile 
same sum of money each; on one of them he cleared 25 percent., 
and on the other he lost 25 per cent. : did he gain or lose ui ihe 
aggregate ; and, if either, what per cent. ? 

1 -^ (1 — .25) ^^ 1 J, cost relative to the sum received as 1 of 
the package sold at a loss ; 1 -7- (1 -|- .25) = -^jj, cost relative to 
tlie sum received as 1 of the package sold at a profit; then 
Cfr— ')~-(l— lV) _ _^ _ ^ _ gj per cent. loss. Ans. 

Prop. 27. — . A and B purchased a farm in company for $8000 ; 
A paid $5000 in part paycnent, and B paid the remainder; they 
then sold i of the farm for $4000; and, to close the copartnership, 
each took ^ of the remaining f to hia own private interest : how 
much, if any, of the undivided cash received for the land they 
disposed of attaches to B's private interest ? 

1(4000 — J of 8000) = $500, B's share of the profit on the 
Bale, and 3000 -(- 500 — J of 8000 = $833^. Ans. 

Prop. 28. — The sum, S, of iwo numbers, JV and n, given, llie 
difference, d, of their reflective factors, C and c, lo produce like 
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pfoducls given, and tte sum of the products, P, given, to jind (he 
nwnbera. 

Leti):=(he difference of tije aasuracd numbers, and Ictm^ 
P~S; then 

S—N=n ^P'ir^=c 
N~n = D I C—c=d',Bni 

d' : d :: i> : D'. 

sastep, ^ = N' I l^tN^=%a-c- = ^'; 

S — N- = }i' I 

d" :d :: D' : D" 

S—N"=:n" I =:d"',&c. 

. TfOTE. — Br tlila mtumer of pTocsodIng, nil Uie elements In propoelUont of tbis 
natnre laBv be Approiimalcd to nny degree of exaotnesa desired ; and the truo 
value* will ta between IhoHe obtained by the Drat step and those obtained by tho 
Minnd; ThegrMlarteqDlr«dniinibor(A'Jwlll be leaa than that obtained by 
tbe dnt Map, and ateat*r than that obialned l>y ibo second. OfLen hut two atcpa, 
and Mldom more ihan three, will bo regulred for ordinary pracUcal purpoaeB. 
"WhMi tnedlflbrenee between nny trial Caod Ita corroapondfng o becomes equal 
Id' the'^ron ai9brstiee((f ), the elemenW In that step will be the exact once Bought, 
If no error has ^ean coniinlUed In the work. IC ia not neocssary, however, to ob- 
tain the first trial * by the raethod here propoged; for any number whatevep 
may be aaaamed In its stead: but, when thne oblaiueu, it has the advantage, gen- 
erally, of being near the true number sought, and of being known to be greaW^r 
thaa that tianiber. 

ExAMPi-K. — A certain farm contdning 80 acrea is worlli in 
the aggregate $62.50 per acre ; but one section of it, to the extent 
of hauthe gross value, is worth $11 per acre more than the other ; 
how many acres are there in the lesser section ? 

.P= 80 X 62^0 = 85000, the gross value of the farm ; then 
(62.5-t-5.Sj40 __^g S2 — jr 2500-^ 36.48 = G8.530T-i- =C 

62.5 
80 — 43.52 =86.48 = « 2500 — 43,52 = 57.444853 - == c 

' 7.04 = 1) 11.085846 = <P 

11.085846 ; 11 :: 7.04 : 6.^86484-^ =D' 

!H:^:£!£l!i =43.492742 = JV' 

2 
80 — 43.492743 =: 36.507258 = n' 

2500 -^ 36.507268 = 68.479534 = O 
2500 -r- 43.492742 = 57.480855 = c 

10.998679 = <'" = 
11 nearly; the lesser section, therefore, contains 86.507258 acres, 
nearly. A lis. 
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,11 proporftlona of this ges' 



tbiy eomniiHily an, by rules denonH 
"The old Aoa-aerpeufa head la 10 fo« 
half tbe lengtli of b!a body, BDdhiBb . 
Is the whole lenath of the monBter t " 
h=:l(l,t=hi-tb, aadb = lfi+U>; tben 

b~il> = 21i,aieietoreb^a=^ 



.^ft + i6, theroforo ( = ^+20 = 30 

A = 10. 80 feet. Ans. 

Prop. 29. — Divide $1000 into four such parts that the second 
shall contain $10 more than the first, tlie third 86 more than the 
second, and the fourtli 2^ timos as many as (he first and Eeeoiid. 

Let X represent the smalieat part ; then 

1000 = a:-|-a:+I04-a;+16 + 53; + 25, and 

1000 — (10 + IS 4- 25) = 949 = 8a, and 949 ^ 8 = a; = 
$118,625, 1st; $128,625, 2d; $134,625, 3d; $618,125, 4th. 

Prop. 30. — A gentleman being asked his own ago and the age 
of his wife, replied^ If you subtract 5 years from my age, and di- 
vide the remainder by 8, the quotient will he J of my wife's i^e ;_ 
and if you add 2 years to her age, then multiply the sum by 3, and' 
subtract 7 from the product, the remainder will be my age. Ke- 
quired the i^e of each. 

Let-i =^ the wife's ago ; then 3i + 6 — 7 =: the husband's age ; 
but ^—'^J.—llT^. — 2 ; therefore, 9i + 18 — 38 = &x, and 

1= 36 — 18 = 18, the wife's age, and 18 X 3 + 6 — 7 = 53, the 
husband's age. Ans. 

PaOP. 31. — Two relations beCioeen two unknmtn numhers gioen, 
to find the a'ombers. 
Br DoiTBLE PoaiTiON, — Special cases. 
IjpX X =; the lesser of the correct numbers sought 
" N = the greater and n the leaser of the assumed values of 

X, or trial numbers. 
" D := the greater and d the lesser of the differences between 
the trial numbers and those obtained in their stead ; then 

When loth differences arc m cxceBs, or show Ihal hoik the assumed 
I'tdues of X are too high, 

B=r 

When hoik differences are in deficiency, or show ihal both Ike as 
turned values nf X are too low, 

^ _(«" + «)'' 

When me of the differences is in excess and lie oilier in deficient!/, 
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or tiihett one of (he assumed mints of x is loo Mgli and the other too 

' ND + nd—D—d 

D+d 
ExAMPi-E. — Assume tlie wife's age (last pvoceding propoeition) 
ia 25, then (25 -j- 2) X 3 — ^ = "^^i ^^ husliand'a age, and 
(74—5) X3 _. 25.875, instead of 2S, and showing a dilTerence 
of .875 io excees. Again, assume Hie wife's age is 20, then 
(20 + 2)3 — 7 = 59, tJie husband's age, and ^^^ ~ °^^ = 20.2d, 
instead of 20, and showing a difference of .25 in excess ; then 

'■'%t5-£''^ = '^' ^^ ™''"^'' ^' '^'^ 
(13 4- 2) X 3 — 7 = 53, the husband's age. 

Proof. (^^ZZ^ = IS. 
8 
HOTE.— Itianot iieocesavy to aeeume the value of the losser required nnm- 
her iDBlcad of Ihut of the greater, for the value of elthel may be uaxumed b8 
preferred; aud when the greolcr is asBumed, the foregoing tormulaaare not ap- 
plicable, but a ec( that nro can be easily made. 

Prop. 32. — A eaid to B, Give me one of your apples and 1 
shall then have as many aa you will have left. B replied, Give me 
one of yours, ajid I shall tlicn have twice as many as you will 
have left. How many apples had each ? 

Bythefirst proposition, 4 -|-1;;^£ — I; thererore£^^-J-2: 
but by the second proposition, B-\-l-= 2(A — 1) ; therefore B = 
24 — 3 : then 2i = 4 + 2 + 3, and^^24-3=:5iB — 
4 + 2=7. Am. 

Pkop. 38. — The lesser and half tlie greater of two casks of 
wine=:82 gallons; and the greater and ^ the lesBer=:I29 gal- 
lons : how many gallons are in each cask ? 

Let * = the greater and y the lesser ; then 
31 + Jy^l29,andy+§i5^=82: therefore 
2y^; 164 — x, and ^7/^:129 — x; consequently 
2y — is= 164 — ] 29, and y:=2l; also 
1-29 — iy = 3: = 129 — 7 = 122. 4ns. 
Peop. 34. — Smilh's several cows are in number to their aver- 
age cost per head aa45 to 138, and they collectively cost him $690; 
hew many cows lias he ? 

IfCt n represent tlie number of cows, and c (heir average cost ; then 

» : c : ; 45 : 138 ; but n X e = G80, therefore 

J«^ili5 = „ = 15. Ans. 



Solved, also, by Prob. X, page 170, 
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Prop. 3j. — An apple-vender bought one-half of a cert^ii lot 
of apples nt the r^te of 2 for a cent, and the other half at the 
rate of 3 for a cent, and concluded that they collcctivelv cost him 
2 cents for 5 ; being trilling to dispose of them at cost, he accord- 
ingly mixed them together, and sold them out & for 2 cents, and 
lost 5 cents by bo doing: how many apples had ho? 

Let X = die whole number of apples or answer ; then 

. - ('i? -L Jf - 5\^ - /^ 4- ? - sM - ^-5£ziii* 

\,2 '^ 3 /2 \4^G J2 48 

iSx-\- 600 = soar, 2x = 600, and x = 300, Ans. 
Note. — The sum of J of a quanlU; and of ) of a like quantity, ]b mors than 
g of tho eum of the two quanUlies, by ^ of ono of Iho qnaDUttea. 

PaOP. 36. — If a body were to start euddenly intw motion, and 
move 80 miles in Uie first hour, and in each aucceeding hour were 
to move through three-fourths as much space as in the honr last 
preceding, and were thus to continue in motion Jbrever, what space 
would it aeseribe ? 

80 -i- i = 320 miles. Am. 

Note Tlila.ls simply h queeUon In aeometrlcal Progroialon aeBocuding, In 

the terme le required. The formula, ^nce the ratio is less than uulty, becomos 
S=iM.~'^ (!—'•) + E= ?.^^^'~t Bee QEOUEraiCAt, pKOaBEBSiON, p. ISl. 

Prop. 37. — What sum in ready money, D, may I pay for 
$10,000 in stacks, P, that arc redeemable at par in T, 3 years, 
and are bearing interest the while at 7 per cent, a year, payable 
half-yearly, in order that I may realize 6 per cent, simple interest 
a year on the Investment, supposing that the payments of the in- 
terest on the stock are to be kept invested at 7 per cent, a year, 
from their times of maturity till the stock matures ? 
^=P+,.T(l+S£=L) + JB)=p[l+ra(l+fc±))], 

the amount of the stock at the time of its maturity ; in which p 
represents an interest payment, r the rate of the interest per in- 
terval between the payments, and n the whole number of the in- 
terest payments; and D = A-^a^R'T)t^A-^(l-i-an), in 
which R' represents the rate of uie discount per annum, or rate 
of the interest on the investment per annum, and a the rate of the 
discount per interval between the payments ; therefore 
1Q0O0-I-7OOX 3X (l+^^'^-'^ + "¥) — 
1.18 
10000 X [I + -035 X 6 X (1 + iM4|fl=l l)] _ 
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pROr. 33. — Tlic last preceding praposition, except that my 
ready money is wortU G per cent, coniponnil interest yearly ? 
J3=:^-r(l + ii)'= 12283.75-^ 1.1B1016 = »10,3I3.67. Ans. 

See Annuities, p. 15Gi also, p. 125. 
Peop. 39. — The preecdiiig projwtiition (Prop. 37), Qxeept tjiat 
the paywcntB of the interest are to be invcst^iU at 6 per cent, a 
year, froni the times they hecomo duo, till the stock matures 'I 
1000QX(l + -03XG(l + -^y^) _^f.n,.... ^„,. 
1.18 
Pkop. 40. — The preceding proposition (Prop. 37), except that 
the ioterest on tiie stock is payable quarterly ? 
lOQOO -|- 700 X 3 X (1 + ^J x^^-V . -fix ■07) _ 
1.18 
10000 X(l +.0175 X 1 3XCl + ^¥-") - 
1.18 

$10,427.22. Ans. 
Prop, 41. — The first proposition in this class (Prop, 37), ex- 
cept that ray ready money is worth 6 per cent, interest a year, 
with the interest payable semi-annually? 



D^ 



_ 12283.75 _ 



l + TiR' + iR') l-j-r(^fcl)) 1.225 

$10,027.55. Ans. 

Prop. 42. — Express the difference, per dollar, between the 

, onuninf of a given algebraic prineipal for a given algebraic time 

and rate, and tbe present worth of tne same principal for the same 

time and rat«, the time being in days. 

3S5 + fr -, 365 _/. . tr\ 1_ . 4^. 

385 365 + (»- \ ^865^ 1 + ary 

Example. — Wliat is the difference between fjio amount of 
$1,550 for 175 days at 8 per cent, a year, and the present worth 
of the same sura tor the same time and rate? 

._ P(365-|-ft-) 3C5P __ p /365 + /r _ 365. \_ 

~" 365 ~ 365 -f (1- ~ \ 365 365 -f- tr) ~ 

«I16,708. Am. 

Prop. 43. — A purchased a bill of goods on six months' credit, 

amounting to $2,000, with the understanding that he should be 

allowed 5 per centii off for ready cash, in whole or part payment : 

he paid ftl,000 ready cash ; for what sum ought Ite to be credited 

on the bill ? 

1000-^(1 — .05) = S1052.63. Ans. 
Prop. 44. — WTiich is the lower offer, goods at 1.28J, on i 
months' credit; or the same goods at 1.30, on 6 months' credit; 
allowing money to be worth 3 per cent interest a year ? 
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.. }. :^^^ = L?^I5Jli? = 1.254+, the present worth. 
1+^^ 12.32 ^ 

L5^ — = h^^' ^ ^ . ? . = 1.25, the present worth. 

1-f ^"rfa. 13.48 ^ 

The 1.30 terms, slightly. Ans. 

Conversion of debts not yet due into others of like sums 
each, and having a common difference of time from ma- 
turity to maturity. 
S =: gross sum to be converted. 

T r= time from the present to the maturity of tlic gross sum. 
n =nnmber of common substitutes. 
s ^^ common sum of the suhstitutes. 

' t =z common difference of time from maturity to maturity of tlio 

substitutes. 
If =: assigned time from lie present to the maturity of one of 

the substitutes. 



s = S-H n, and ( = ^-^ [1(7. + 1)]. 
Prop. 45, — An investment of f 2,100 having 90 days to matu- 
rity ia to be substituted by 3 others of like stims eacli, which are 
to become due at the close of a common diiTcronce of tinie from 
the present, and from one to another : the common sum and Com- 
mon difference of the times are required. 
2100-^3:=$ 700, the common sum of Uie eubstitulcs; and 
90 -f' 2 = 45 days, the common difference, or common interval- 
Tho three substitutes of $700 each, therdbre, are to be made 
payable, the first at (he expiration of 45 days, the second at tie 
expiration of 90 days, and tlio third at lie expiration of X35 days 
from tte present Ume. 

Proof. 
700 X 45 = 31500 
700 X 90 = 63000 
700 X 135 = 94500 

W )i89000 = !'0;t>''™X (45-1- 90-1- 135) = 2100XS0. 

PKor. 4G. — Five notes are to he made for like sums each, and 
arc to become due at the close of equal intervals of time from the 
present, and from one to another ; and these notes are to be given 
m exchange for the four following obligations ; viz., $1G00, doe in 
90 days, $1250.62 due in 80 days, $852.21 due in 57 d:iys, and 
$18G5 due in 175 days, from the present time. '"' 
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of the notes, and the common interval of lime are 
required. 

ICOO.OO X 90 = 144000 
1250.62 X 80 = 100050 
852.21 X 57= 4857G 
1865.00 X 1 ?5 = 326375 

5567.83 ) 61 9001 = 111 days, the mean or avevage time 

of maturity from tlic present of the obli^tiona to be converted; 

6567.83-^ 5 =: $1113.57, the common denomination of tlie 

Ul'-^ i(a + 1) = 37 days, the common difference of time, or 
common interval. 

The special times to maturity, therefore, of the five notes of 
$1U3.57 each, are 37, 74, 111, US, 185 daya from tlie present 

When orw of the common substitutes is to be treated as cask, or is to 
ie considered as due al the present time, and the commvn interrxA 
is to be measured from the present, 

B = 5-i-n, and (^^-^-[Kn— I)}- 
Prop. 47. — Several matters of indebtedness, amounting in 
tlie i^regate to ®Sl75.44, and which will eolleetively mature, or 
become due by average, at the close of 68 days from the present 
time, are to be cancelled by the payment of one-fourth of their 
6um doTfn, and by passing three notes, made for one-fourth of 
their sum each, and payable at the dose of a common difference 
of time from the present and from one to another. The common 
sum and common dtfibrence are required. 
2175.44-^4 = 1543.86, the common sum; ajid 
68 -1-1(4 — 1) = 68 ^1.5 =46 days, the common interval. 
The tSree notes, tberofore, are to be made for $543.86 each, and 
are to be made payable, the first at 46, the second at 92, and the 
third at 138 days from the present time. 

When the common interval is to apply letieeen all tlie common sub- 
stitutes, and is to he measured fiom an assigned time for the matu- 
rity of one oftkem, 

s = 5-^- n, and i= (r ~ C) -T- [*(" ~ !)]■ 
Prop. 48. — A debt of $4500, duo 123 days hence, without in- 
(erest, is to be substitated by 4 notes, made ibv one-fourth of the 
sum each, which are to run an eqnal interval of time from matu- 
rity to maturity, and one of them ia to be made payable at the 
close of an interval of 30 days from the present time. The coiii- 
■ ' rval are required, 
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4500 -^4^:^ $1125, the common denomination of tlie notes; and 

(123 — 30) -f- 1.5 = 62 davs, tl»c common difference of time. 

Tlie times to maturity of tlie substitutes, therefore, are 30, 92, 
]f>4, 216 days later tiian tbe present time. 

PaoP. 49. — The last preceding proposiUon (Prop. 47J, except 
that the given debt of $4500 has but 75 days to maturity ; anj 
one of tl»e notes is not to become due until (be lapse of 105 days 
from the present time. 

(75 ~ 106) -^ 1.5 = 20 days, the common interval. 

The times from the present to the maturities of the notes, there- 
fore, are 45, 65, 85, 105 days. 

Prop. 60. ~ It is proposed to relinquish obligations, amountintj 
in the aggregate to $2554.72, and which will colleetivety become 
due by equation at the close of 40 days from the present time, and 
to receive in their place 3 notes, made for onwFourth of the sum 
each, and the balance in ready cash ; the said notes to run equal 
intervals of time from maturity to maturity, measured from the 
present, and one of them to run 85 days ; the adjjisting interest, 
or discount, to be at 7 per cent. 

(85 — 40) -^ J(4 — 1) = 30 days, the common interval. 

The three notes of $638.68 each, therefore, are to be made pay- 
able at 85, 55, 25 days; and the present worth of the cash pay- 
ment of $638.68, due 30—25 = 5 days hence, is $638.07. 

7'o iniKst a ^ven sum of money in parts, at unlike rales of interest, 
and the parts to gain Wi:e interest in equal intervals of time, 
p, j/, p", &c. r= the parts, or partial investments, 

S= the sum of the invcBtments. 
r, /, r", Sic. =the given rates, or these in their relations to 
e.Tch other, expressed in any proportion preferred. 

m T= the product of r,/,r', &c., aa expressed. 
ff=the sumof ™+p+^,&c. 

p,p-,y', &c. = ^= ^ 1 ^, &C., inversely, 

,0P. 51. — Twenty thousand dollars ( 
, d at interest in three such parts that t 
at thdr respective rates of 6, 7, and 8 per cent a year, shall be 
equal for all like intervals of time. The parts, or special invest- 
ments, are required. 
»i=6X?X 8 = 338; and 336 -f- G = 56 
336-^7 = 48 
836 -^ 8 = 43 

146, the value of iV; .•, 
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tOOOO X 56 20000 X 28 



To invest a given sunt of money in parts, at like rates ofialeresl, and 
for uneouaj intervals of lime; and Ike parts to gain like interest 
at the close of their respective times. 

I, (', i". Sec, = the given timefi, or tliesc in their relations to 
each other, expressed in wliatever proportion preferred. 
m ^= product of (, (, (", &c., as expressed. 

S, and p, y, p", &c., as in the last preceding proposition, 
p, ,-,,",!„, = J = ^ = ^„Sc.,l„™r.el,. 

Prop. 52. — It is proposed to place $25,000 at interest in four 
separate sums, one of them for GO, one for 80, one for 110, and one 
fbr 150 days' time ; and that these sums shall be sucli, that, at like 
rates of interest, thev will gain like interest at the close of their 
respective times. The special sums arc required. 

TO ^ CO X 80 X 110 X ISO, or C X 8 X 11 X 15, or 
3 X 4 X 5.5 X 7.5 = 495 ; and 
495-^3 =165. 
4954-4 =123.75 



444.75 = JV"; therefore 
25,000 X1C5 „ 2-5.000 X 33 _^ 
^ 4i4.75 88.95 ' 

. _ 25,l>00 X '3375 _ 25,000 X 495 _ g 95c j. 



44475 

_ 25,000 X »0 
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Tfi invest a given sum of nfoney in parts, oi unlVce rales of inicreit, 

and far unequal inler^ab of time ; and the parts to gain like inter- 

est at the close of their respective rimes. 

ni = product of the given times, or of tlieir relations to eaeli 
other, by any measure whateyer, tliat is comnion to thcin; or of 
the given rates, if preferred. 

S, N,p, p', p", &c,, 83 in the preceding. 

^'■^'^' M- Nfr- Nf'r"' 

Prop. 53. — Ten Ihouaand dollars ($10,000) are to be placed 
at interest in tliree separate sums, one of tnem at i per cent., for 
240 days ; one at 6 per cent., for 1 20 days ; and one at 8 per cent, 
for 80 days ; aj)d these snins are to he such tliat tliey will gain 
like ijiterest, one with another, at the dose of their respective 
times. TTie ^cial sums are required. 

240X1^X80, or 24X12X8, or ex8X2 = 3G = (X''X'"='n- 
4, C, 8, or 2, 3. 4, = r, r', r" 

12, 9, 8, the products of tr, fr', 

3G-^12^3 



11,5 =: N, therefore 
^, ^ 10.000X30 ^ lO.OOO X j ^ ,2,„8.,„ 

._ 10,000 X -IP, 10.000 X8 „ ^ 
115 23 

10gO^X45^ 10,000 XJ^ j„3„j. ,10,000.00. 

To invest a given swn of money in parts, at- like rales of interest, 
and for unequal intervals of time; and the amount (principal 
and interest') of the parts to he equal at the close of their respective 

Puor. 54. — It is proposed to place $1G,000 at interest in four 
separate. sum 9, each at 7 per cent, a year : one of them for 80, one 
for 100, one for 150, and one for 200 days' time; and that these 
sums tilall bo such that tlieir amount shall be equal, one wit^ 
another, at ihe close of their respective times. The special sums 
are required. 

V ■ ,;; f 3S5 ,. 305 ,_ SG5 „ . 1 . 

^-™-°^3e5+17+5G5+77^ + 3-65+7r'''"' = H^,' 
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p, p , p", &c. 3^ 
fee — -^ 



&c. ; tLen 



370.G = 0.08480 . 
— 372. =0.98118 
.f-375.5 =.0.97204 
^379. == 0.9630G 

3.90117, tbe value of N; and 
6,840,000 _ 
370.6iV " 
5,840,000 _ 

372iV 
5,840,000 _ 
3r6.8jV" 
5,840,000 _ 



= $4039.30 
p' = "'"""'""" =4024-10 
J,, _ 5,840,000 _ 3086.65 



y„_j;0*vjviw_. 334383 $10,000.00 

Therefore, .^ =z S-^ .W=^ 84101.33, tho common amount. 
If the times, (, (', (", &c., be taken in years instead of days, then 

■^= Hf^ + T^p? + rq:;?.' ^'^^ ' '^"'^ ^ = -^ ^ ^^^ + "■'' ' 

p'— S 4- iV(l +W), &c. And, if the times bo taken in months, 

N=... 1L,+ .. i^— ,&:.; and» = 12S-^if(12 + W)-, y = 

12 + r( ' 12 + rt' ' ' . >. 1 / / 

I2SH-A'(12 + rC), &c. 

To invest a given s^tm of money in parts, ai unlike rales of inierest, 
and for unequal interBolt if time; and lite amount of the parts to 
be equal, one toUh atutther, al the dose of their respective times. 
Prop. 55. — The last preceding proposition, except that the 
rates are ta he 6 per cent, for tlie 80 aap' term, 7 per cent, for the 
100 days' term, 8 per cent, for the 150 days' term, and 9 per cent, 
for the 300 days' term, instead of 7 percent, for each of the t«mi9. 
365 -f-Se9.8 = 0.98702 
365-^372. =0.98118 
366^377. =0.96817 
365 -f- 383. = 0.95300 

8.88937, the valiie of N; and 
p =z 5,840,000 -^ 3G0.8W = $4060.38 
p' = 5,840,000 -^ 372iV = 4036.37 
y = 5,810,000-^ 377iV = 3982.83 
p"' = 5,840,000 — 383iV = 3920.44. $16,000.02. 
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To solm PrdbUtm in Medial Pitypin-tiim hg ffie comrmm ruU of Sim- 
ple Proportim; making uaeof two or more equaUon» wh4n there 
are three or more given extreme rate«,of<me or more ai*timed mean 
rates when there are three or m^regiten extreme rate», and usin^ the 
Jirst osimMd mean rate a* an extreme rate in the second eptat&m, 
Vie second aaeumed mean rate a» an extreme rate in the third e^ua- 
titm,<t:e. 

Let a represent tlie higher, e thejower, and 6 tlie mean rale, em- 
ployed in each equation ; also, let n represent the sum of the pm- 
portoflal terms ah^ady found, or quantity taken at one oP the 
rates, and let a represent the required proportional term, or quan- 
tity to be taken at the other rate, in the same equation ; then 
Wfien the quantity taken at the higher rate in. the equation w given, 



-t: 



- ; or, The diiiferenec of tlic lower rate and n 



is to the difference of the higher rate and mean rate, as tlio quantity 
taken at the higher rate, is to the quantity required, and to he taken 
at the lower rate. Conversely — 
W!ien the guanUty taken at the ioieer rate in ffte equation is given. 



i'>-c)n 



sr, The differonco of the higher rale and m 



is to the difference of Ihe lower rate and mean rat^, aa the quantity 
taken at the lower rate, ia to the quantity required, and to be taken 
at tlie higher rale. 

From the foregoing it will he perceived that the initial propor- 
tional term, or first quantity, n, may he taken at any number what- 
ever; hut, commonly, it will he best to take it at 1. 

The assumed mean rates may be taken nt any stage between 
their respective extremes ; and, % varying them, an almost endless 
number of different proportions ma^ be obtained. Even when 
there arc only three extreme rates m the given proposition, the 
assumed mean rate can commonly bo so taken as to obtdn the 
relation of the terms, one to another, that may be desired. 

Prop. 66.— In what proportion must two kinds of tea, one rated 
at 80 cents.a pound, and the other at 96 cents a ponnd, he taken, 
that the mean rate, or rate of the sum of the quantities taken, shall 
be 85 cents a pound ? 

Let I represent the initial proportional term, or quantity taken 
of the kind rated at 96 centsa pound; then 

"Sfi— fi^ ~ ~ ^^' ^^^ Inquired corresponding term, or quantity to be 
taken of the kind rated at 80 cents a pound. The two kinds of tea, 
therefore, must he taken In the proportion of one pound at 96 cents 
a pound, to 3J pounds at 80 cenW a pound, tlial the mean rale, or 
[■;ile of the mixture, shall be at 85 cents a pound ; or, they must be 
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takon in tlie proportion of 1 x 5 — 5 pounds at 90 cents a pounfJ, to 
2i X f) = 11 pounds at 80 cents a pound, &c. 

Cotiveraelp.—Jioyr much tea at 90 cents a pound, must be taken 
with 1 pound at 80 cents a pound, that t!ie meaa rate, or rate of 
the misture, shall be at 85 cents a pound 7 

- - ■- " ■ - V - = -ft of a pound. Am. The two kinds of tea, ilmru- 

fore, taken in the proportion of 1 pound at 80 cents n pound, to -fi, 
of aponnd at 96 cents apound, or in the proportion of 1 times II 
= 11 pounds at 80 cents a pound, to -,\ x II — S pounds al 90 ceiiis 
a pound, as before, will form a mixture al the rale or price 8.j 
cents a pound. See AmGiTIos, page 140; also, Kcepiffe 117. 

Prop. 57. — In. what proportion may oats at 50 cents a bualifl, 
and rye at 100 cents a bushel, be mixed witli I bushel of corn at 80 
cents a bushel, that the meaa rate, or rate of the mixture, sliall lie 
75 cents a bushel ! 

Let the assumed mean rate be CO cents a bushel ; tlien 

1 bus. of com, 1 making 3 bus. 

T atB0,laie0,mC0 = ^?^5fi.= 3hus.ofoala,[uus?a^"'^ " 

?atlOO, SatC0,m75 = ^^~^-^ = ]Jbus. ofrya 

On the contrary, let the assumed mean rate be 70 cts. a bnslicl ; 



? al 50, 1 at 80, m 70 = l2;i-£^— = i bus. of oat 

? at 100, li at 70, m 75 = — ^||^ ' /'^^ = A l™^. of ry 

Let the assumed mean rate be 65 ; tlicn 

1 bus. at 80 cents, 

t at 50, 1 at 80, m 05 = ^^~^gA — = 1 bus. at 50 centa, 

? at 100, 3 at 65, m tfi = *-??=551^ = 

PnooF (last example). 
1 at 80 = 80 
1 at 60 = 60 
0.8 at 100 = 80 
2.8 ) 310 (76. 

PhoP- 58.— In what proportion may one quality of wine, rated 
at $1.00 a gallon, and another quality, rated at $1.50 a gallon, be 
mixed with 1 gallon of water, rated at a gallon, tliat the mean 
rate, or average rate of the mixture, shall be $1.35 a gallon 1 
Let Ihe assumed mean rate be 25 cents a gallon ; then 
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1 gal. at 



Let the amumctl mean rate be 50 cents a gallnn ; then 
1 giiUon at 



? at 100. 1 at 0. m 50 - ^^q^W' " ^ " 


■' fl.OO 1 


Ans. 


? at 150. 3 at 80, m 135 = ^^^^ = ■' 


" f 1.6oJ 




Let Uie a88wmed mean rate be 70 cents a gallon 


then 




1 gallon 


at 

" $1.00 


Ans. 


M50, «i ., 70, „13» -<";-'■;,■;» -71 ■■ 


" $1.50 




Let Ihe assumed mean rate be 80 cents a gallon 


then 




1 gallon 
?atlOO,IatO,mtH)^^^ = 9 " 

?atl50.10at90.mm ^^f"'^'^/" U " 


at U 
" 11.00 

" $1.50 


Ann. 



Prop, 59.— In what proportions may four grndca of angar, rated 
at 8. 10. 14, and 17 cents a pound, respectively, be taken, that tbe 
mean rate shall bo 12 cents a pound ! 

Let the assumed mean rales be 9 and 11 ; then 



= .1.114 "'"■ 
..,7,3la.lM>lS = a?=ia|iLl„.u7j 
Let the assumed mean rates be 9i and 11 ; Uien 

Iatl0 = 3atl01 
^9.5)x 
i),5-8 



? al8,latl0, m9!=-^^^:^^^^^ = ial8 = lat8 
! at 14. U at 04, mil- ^-^^[f - = i al 14 = 2 at 14 \ 



_ (13-l])x 3 _ 
17-13 



It 17, 3 at 11, m 13 - '-pr^- = J at 17 = H al 17] 
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Let the assumed mean vaXvs he 9 auA lOJ ; tlien 

1 at 8 = 7 at 8 



- = 1 at 10 = 7 at 10 
? at U, 3 at 9, in lOj ^ *^"j~°^ - = ! at 14 = 6 at 14 [ 
? at 17, 3S al lOi, m 13 = *ii=;i^'-iiii = ^ at 17 = 6 at 17 



— ,.. _. r . JH taken ehoii 

ui ma f^iveu, ur flnali moan J'ate. 

To find the ProparUonal Coegtelent^ of the iimdeTid, or Ih^ nvmerkal 
relation of each part to t/ie whole, in Pa/rt&iTie Proportion, when 
the Propor^nul terms, or terms qf the ratio of the parts, one to 
anoffier, are ginen. 

Rtob I. — Divide eaoli of tlie ^ven proportioual terms by tlie 
Bum of those terms, or by tliat sum divided \tw any common meaa- 
lire, or the greatest cnmmoa measHra, of boti its parts; Hie quo- 
Uenls thus obtained, or tlicse reduced to lower or tlieir lowest 
terms, will be the coefflcieiita demanded j for they will be to one 
another as their respective proportional terms, which are lo one 
another as the parts of the dividend required; and, collectively 
laken, they will \te equal to a unit, or the whole. 

RoLic it— Reduce the given proportional terms to integers, by 
reducing them to a common denominator, and take the sum of the 
inte^rs, or numerators of the fractions thus obtained, for the de- 
nominator of each int^er ; the fractions thns formed, or these di- 
vided by any common measure of their respective parts, will bo 
the proportional coefficients of the dividend, or coefficients required ; 
for the denominalor of any proportional coefficient in partitive 
proportion, is to its numerator, as tlie dividend to be divided into 
parts, is to the part corresponding to that numerator. 

It is, Oierefore, evident that when the proportional terms are 
given in integers, the integers are to be taken as tlie numerators, 
and their sum as the denominator of each integer, to express the 
numerical relation of each part to the whole, in partitive propor- 

Prop. 60.~-It is required to flivide a certiun quantity into four 
parts which shall be to one another as t, i, 4, i ; that la, the first 
part to the second aa J to J, the second to the third as i to i, and 
the third to the fourtJi as i to i ; the pi'oportional coefficienla of 
the quantity, or numerical relations of the proposed parts to the 
ivhole quantity, are demanded. 

By Rale I.—J+i-Fi-t-i = ^JJ = |g; and i-i-H = S?, i+iS = 
IS. i-f-iS = %%, lid i-i-iS = ^, the coefficlenta required ; or, f?, 
*i!. %i, m. = n, ii, n, ii = If, A. .% i% quantities of the b— 
relative value, one to another, as the preceding; and, ]'-— ' 
the proportional ooefflcicnts required, ifprefeiTeo. 
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Bj Eulo II. — i, i, i, i, reduced to fl'actioJis Laviog a common 
denominator, Ijecomc i|S, ^, ■^, ^; amd by removing tlie de- 
nominaiora, we obtain tlie integera 130, 00, 73, 60, quantities bearing 
tlio same relation, ono to anotiier, as tlie quantities from wliicE 
they were derived ; and, tliererore,8ince tlio sum of these integera ia 
equal to 343, we have m, «r, m, m = *?, ih ih i* = H. W. 
"1^1 o¥i 'lie numerical relations of tlie proposed parte to Uie whole, 
or the proportional coefficients of .the dividend required. 

.Thus, allowing Oie proportional coefflcientB to be J¥, VVi iVi i¥. 
and the dividond to bo $130'i the required parts, in the denomina- 

, tion of the dividend, will be —^ = $43-,%, —^ = $3Ui, 



Proof.— 43+31 +35+31+H = 130. Bee Fellowship, page 138. 
. Prop. 01. — A, B, and C entered intfl coparluerahip in a manu- 
facturing business with a gross capital of $31,000, of which A ftir- 
nished $13,500, B $10,500, and $8,000j their collective gain in 
tlie business is $32,300, wliicb is to be divided between the part- 
ners in proportion to their respective investmenls, or share in the 
gross capilal ; wliat ia each partner's share of the gain? 

The given proportional terms, 13500, Ift^OO, 8000, taken in 
lower corresponding terms = 135, 105, 80= 35, 31, 16, llie sum of 
wJiich last set = 62; then f|, H, il = J|, U, A, are the propor- 
tional coefficients of the dividend for the parts required ; therefore, 

33,800x35+63 = $13,335.81, A's shai'e, ) 

; 33,800 X 31+63 = 1 11,100.68, B's siiai-o, } Am. 

33300 )il6-f-63=$ 8,464.51, C's share, ) 

Prop. 63. — Two travelers start th»m two points 80 miles apart, 
mid travel uniformly toward each otbor, one at the rate of 3J 
miles an hour, and tlie other at the rate of 4J miles an hour; how 
many mUes will each ti'avel till tliey meet, supposing the one mak- 
ing 3^ miles an hour starts 3 hours earlier tJian the other? 

80-3 X 3S=69.5, and 3i , 4i = J , V = Y , Y, coef.= —^. tlien 

G0.5xl4-i-31+3>;3i = 41.88'!! I ,,, 
69.5 >: 17+31 - 88.1130 f -^^■ 

Prop. 63, — Two travelers, each under lilte circumslancos mak- 
ing 4 miles an hour, start at the same time tl'om two points 80 
mues apart, and travel toward each othei', but one, having a down 
grade, makes ^ mile more per hour in consequence, while Uie other, 
having an up grade, makes i mile less per hour in consequence ; 
how many miles will each have traveled when they meet? 
i+i , 4-iS = 4i , 3i , and U+Sh = 8 ; then 
S0x4i+8 = 16?) . 
30x3i+8^13if ^"^■ 
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TPfteft the required pwrU are given in relation as greater or lesi, one 
than another, hy a gi'oen part of one qf tfiem, to jM, Oie propor- 
tional terms, die. 

Rule. — Lot 1 represent tlie first or initial proportional term in sU 
cases, and let 1 plus the given part of Uiat term greater, or 1 minus 
the given part of tbat term less, as tlic case may be, represent tbe 
nest proportional term, and so on for all the proportional terms 
involved in the proposition; then pi'oceed for tlio proportional 
coefflcieate of the dividend, &c,, by Rule I or II, aa in the foi'e- 
going. 

PkoP. 64, — How shall I divide a certain number of apples be- 
tween two boys, so that one of tliem shall receive as many as iJio 
other and ^ of as many more? that is, so that the difference of 
their shares shall be equal to ^ of the smaller share ? 

1 , 1+? —"^ > C06f.= ;rrq- ^i^^ one of tbem -?g ot the number, 
and the other -ft of it. Am. 

Suppose the number to be divided is SO. Then give one of 
them 30 x 7+16 = 8f apples, and the.other 30 x 9-*-lG = Hi apples. 

Proof.— ft : »i::-h : 1U> 8|+| of 8i = llJ, and SJ+IU 
^20. 

Pitop. 65. — A certain quantity of wheat is to be divided into two 
parls, such that the difference of tlie parts shall be equal to g of tlie 
greater pfu^j the proportional relations of the parls to the whole 
are required 

1,1-f ^^; coef.= 5,?. Ans. 

pROf. 66.— Divide $1,573 between two persons, so that one siiall 
have •,\- Ma much aa the other. 

, . , 11. .9 „ 11. .9 „ „ 
1,1— A- = ^^; coe£=-g^,tliou 

$1,5:3 X 11+30 = $864.00, and $1,673 x 0+30 - $':07.!l0. 

Pkop. 67.~It is required to divkle $5,000 into three parls, such 
that the second shall bo greater than the tirst by J of tlie first, and 
tlie third less than the first by i of the firat ; what are the parts 
in the denomination of the dividend ? 

l7mTl-i=§.f .Si C'^f—"-^-^-" lst = ai,714|; Sd=: 
$3,000 i 3d = $l,38Sf. Ans. 

Prop. 68.— D's interest in the ship Iluntcr is lo be transferred 
to three parties, A, B, and C, in SDch proportion, one to another, 
tliat B's share shall he less than A's by J of A's, and C's greater 
than B's by 4 of B's. The proportional coefficients of the dividend 
for the respective shares are required. 
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Let 1 represent the proportional term of A's share ; then 
1 = 1. B = l-i, C = (l-i)-+-3Lrl; rcduced = J,i,A; c< 



Let I represent tlie prnportional term of B's aliare; then 

B=l, C=l+i,A-l+i=S, S, f ; cocf.^ ^'"*'"g|'"^ . as before, 

Let 1 represent the tiroportional terra of C's sh^re ; then, shice 

hy the stipulations C (1) is greater than B bj t of B, 6 B = 5 and 

B =3 S ; also, since by the stipulations B (J) la lesa than A by i of 

A, A--iA = f, and A = H = Yl t^en 

C = 1, B = J, A ^ yi =8 , f , V i coef.= -^ -- ^ l- — , aa before, 

Whim, Sm required par^ are given in rdalion as greater or less, one 
than another, Sy a given, ifid&pendentguantSy ofthe^ Idjid, to find 
IMr algebraic relation, one to another, and their vahtea in the de- 
nomination ^ the dMd^uL 

ItoLE.— Let a represent the first or initial altrebraic part in all 
cases, and let a plus the given number greater than that part, or » 
minus the giyen number lesa than that part, as the case niay be, 
represent the next algebraic part, and so on for all the jmrts in- 
TolTcd in the proposition ; then find the value of x in the denom- 
ination of the dividend for the first part, and to that part add, or 
fi-om it subtract, aa the case may demand, the given difference 
Iwtweea that part and the next for the second part, and so on tor 
alt tlio parts required. 

Prop. G9.— It is required to divide $5000 into three parts, such that 
tlie second shall be greater than the first by $600. and the third lesa 
tlian the first by $400. The algebraic relations of the parts, and the 
parts In the denomination of the dividend, are demanded. 

a,iB+fl00,*— 400, the algebraic relations of tlie parts. In their order, 
that, coUeeUvely taken, are equal to the dividend ; then 
ic+iB+600-1-1';— 400 = S^+SOO = $5000, and 
3x = 5000-200 = $4800, tlierefore 
« = 4800+B = 1600, 1st pari. 
1600+600 = 3300, 2d part. 
1600-400 = 1200, 3d part 
Prop. 70. — How shall 50 acres of land be parcelled between A, 

B, and 0, so that B's share shall contain 6 aeres more than As, 
and C's 14 acres less than B's? 

The sum ofs, e+B x+ 8-14 = a»-3 = 50, therefore 
dx = 53, and ic = 174 acres, A's share, ) 

17S+8 = m acres, B's share, [ Am. 

33i-14 ^ »J acres, C's share. J 
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When of the three paHt iliat make wp the wluM, one tif Vma and 
die difference of the other heo are given, to jijid tlie remaimng pm-fs, 
or coeffii^nts of ttie dmdend. 
Let 1 represent tlie sum of tliG parts, A, B, and C tlio parts, and 

d Uie given difference ; tlien 

Prop, 71.— A,B and C own a ship ; A owns A of It, and B owns 
-*i of it more titan C. Wliat shares of it do B and own reapec- 
tively ? 

1-A = i8, and aa+A)-i-3 =r m - n = B's share, and H-/.- 
= |i = C8 share. Ane. 

When the quanUliet rif two or more ariieles of^ unWce ratm (^ talue 
per v,iUl of measure are separately gireen, and tJis relations of Uie 
rates as greater or less^ one than anoOier, Sy a gUpulaled ind^iend- 
ent rate of l/te same kind are giiien, ami the ston. of the products of 
the qwwdilieg by their rates is given, to find the r(^es mid Vieiialues 
of the quartlitieB. 

Let A, S, 0, &c., represent the given qnanlities; 
Let 6 represent tlie given ralfi that B is greatei' or less'tlian A ; 
Let c represent the given rale tliat Is greatei' or less than A or 

B, &c,; 
Let D represent the given dividend or sum of llic products of 

the quanlllics by their rates ; 
Let r represent the rate per unit of measure of lot A, lot B, lot 



"Wlien two guantiUes only are inoolml in tlie proposition, and A 
t/te lesser, 

D+Ab 

' ^+(7'"""' "' """- A+B 
(B~BS)A 

A+B 
(, p+Ab)B 

A-i-B 
If we let (c represent the rate of lot A or the lower of the 

rates, 3i_A^B)-i-bB = D, !r(A+B) = D~hB, and a: = ^^g- 
- iJ -SB+(-A+.B)i _ D+Ab 
A+B ~ A+B' 



oeiotA = -j--^,m(lroi\otB=-^^^j liierefore 

value of lot A, or A'e share of the dividend ; and 
= valueoflotB, or Cs share of Uie dividend. Also, 



w+S = 



Prop. 79. — Two lots of cliecso, one of three hundred pounds (A'a 
lot), and the other of 400 pounds (B'a lot), were sold togctlier hy 
consent of parlies for $130, and it was agreed between uie parties 
thai in dividing Hie money B's cheese should be reckoned woriii 
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3 cents a pounc] more tliau A's. How much of llie money received 
for tlie cheese belonged to A, and liow much to B? 
^WoTm^^ = ~ - IC? cents a pound, the rate of A's cheese, 

.185 x 300 — |50f, A's share of the money. 
ia6 + 30Ox.O3 133 ,„, ^ ... . f™ i 

■ ■ ij ixi-— "^ = TOO ~ ^ '^'^ " pound, the rate of B's cheeae, 

.18! X 400 = |73?, B'b share of the money. 

Prop. 73.— a lumber dealer sella 8000 feel of boards conaiened 
by A, and 4500 feet conaigned by B, together for $496, and wishes 
U) enter the snles to the credit of the two acconnta, calling B's lot. 
worth 831 per M less (ban A's.' At what prices per M must he 
enter the two lots? 

teiA+Bl-Ab = 406-8 x 2| = $475, and x = 475+13.5 = ) 
$38 per M, B's lot. }■ Ana, 

38+3S or (475+13.5 X 3S)+13.5 = $40,625 per M, A'a lot. ) 
When more than taio quantise* are wedked in the propoaititm, and 
ail taken lorepreseTit the rate of orie of them. 

(e(A+B+0,if!c.)±Bb± C'c±Dd, il^.=J>. 

pRor. 74.~Three lots of wool, A's of 880 pounds, B's of 450 
pouutSs, woi'Ui ii cents a pound more than A's, and C's of 630 

Cunds, worth 3 cents a poUnd less than B's, were sold together 
■ $030.35. What was A'a, what B'b, and what C's share of the 
montty, predicalin}; tlie division upon Uie given condlljons ? 
B = it{A+B+ O-i-Bb+0{b~-c) ;■ 
x = [l)-Bb-0(b-c)]-^tA+B)+C); then 
920.35-37.75 884,50 „. , „ . , , 

^ - 38 0+450+63 = TiflO- = ^^ •^•^'^' "'^ '"^ P'"" ^"""^ "' 
A's wool ; therefore 

.01 X.380 = $231.80, A's share, 1 
(.6I+.O45)x450 = 294.75,B'a share, V Ans. 
(.G1+.045-.02) X 830 = SOS.TO, C's share. ) 
T/te individual relations of_ a plvralit}/ of agentu to a proposed end 
given, to find their conMned relaHon to ffie same end, when time U 
an element in the aUeulationa, 

General Rule. — Reduce the given relations to simple frac- 
tions (if they are not already so reduced) without changing their 
values, and Invert them : then take the denominator of their sum 
for the numerator of Uielr combined relatjonj and take ibe nume- 
rator of their sum for the denominator of their combined relaUon. 
Prof. 75.— A can do a given piece ofwork in 5 days, and Bean 
do il iD 7. In what time can both logetiicr do it? 

Since A can do it in 5 days he can do i of it in 1 day, and since 
B can do it in 7 days he can do i of it in 1 day; both together:, 
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r has two receiving pipca and one Ais- 

■' ^- ""8 hours, by- 

^ ^ . . Mn be emp- 
tied, when full, in 84 hours. In what time can it be filled when 
tlie three pipes are acting together, supposing the velocity of the 
water through the pipes to bo uiiiformf 
Th+Tir-^ = TiWtlk>anii'%W* = 302.4bour3, Am. 

Prop. 77. — A can do a given piece of work in 13 days, B can do 
3 tjmea as much in 27 days, and C can do 4 Umes as much in 35 
daya. In what time can they do the proposed work, woi'king nt 
it togetlicrp 

5'f+A+s'-- = iWAi,andiM,V = S.339+(laya. Ans. Or,since 

A can do ^ of it in 1 day, B 4 of it in 1 day, and C ^ of it in 1 

day, they can collectively do -/j+-^+g; = -g2=- of it in 1 day, and 

tliey can do the whole in —^ = 3.339 I- days, iw before. 

Prop. 78.— If A can accomplish a given task in 84 days, B in 3i 
d^s, and C in 5 days ; in what time can they together accomplish 

24,3i,5 = },V, f.lnTerted= J,.i^,t, and f+A + i = Mi, the 
relation that one day's labor of all three bears to the whole task, 
and m inverted = |JS = 1,% days, the time required by all to ac- 
complish it Ans. 

Prop. 79.— What number diminished by the difference between 
i and i of itself will equal 138 ? 
Let X represent the number ; then 



Let m represent the greater, then x-^~ will represent tlie less, 

and ~=ini; thci'efore«=411i, and Y = -^^1^ = 3933- Ans. 

Pitor. 81.^A merchant lost f of Hie money he invested in 
trade, and then gained #1350, when be had $3680. How much did 
he lose ? 
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Let a represent the sum invested ; then 

iE-^+1350 = $3680, Y = S^O-1260 = 3430, and a: ~ ?^^^ 
~ $3888, thoreforo 388S x 3-f-8 = $1458 loss. Ans. 

Prop. 83.— A mercliant owning ^ of a ship aold | of his sliare 
for $13000. How mucli at tliat rate is tlio wiiolo sliip wortli ? 

Since i of f (H) of the aliip is worUi $13000, JS of it must be 
worth ?i = 2t times moTO tJian $13000 - $13000 x 35 -;- 15 = 
$38000. Am. 

Pitop. 83.— If A can do a certain job of worlt in 16i daja, what 
part of it at liat ritte can lie do in lij daya ? 

Since be can do — of it in 1 day, lie can do -^ of it in 143 days 
-g§ of It In 143 daya. -^'^■ 

Prop. 84.— A certain quantity la to be divided into three parts 
auch that the lat shall be 16J, the 3d equal to J of the whole, and 
the 3d as much aa tbe otlicr two. Wliac are tlie parta ? 
Let X represent the anm of the parts ; then, by the aiipulations, 
_ 48+165 , 
10 

1st part ^ let ) 

3rlpart — 105x3-»-5 = O6 }■ A^is. 
3dpart = lG|+6a =83i) 

Prop. 85. — A certain estate ia to lie divided iiilo tliree pacts as 
follows, viz:' the iBt ia to be equal to ^of it, the 3il equal to J of 
the remainder, and the difference between tlie lat and 3(1 is to be 
$450. What are Uie parts f 

Let « reproaent the whole estalo ; then 

4/ 3a\ 16b , Ite 30! .^„ 7^ , . 4o0xS4.5 

= x = $15750, tiion 

lat part = 15750 x 3-t-7 - ^mm, ) 

2d part = (15705-6750) X 4-1-5= 7300. V vlns. 

3d part = (15750 ~(GTB0+ 7200) = 1800, 



, 3 . . 5 r^: GO. Ans. 



^+m = ¥i= - ,n , "lereforo 5K = 4«+ie5, and ^^ = 165, 
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Phot, 87.— Wlial k llie leiist tiunibcr of giilioiis ol' li(|UOi' tliat 
wilirUI tMttLkn coiitJiiiiiiig either I, f, | or i^j of a gallon ? 
3 13. .4. .3. .8 
3 1. .3. .3. .4 
I 1. .1. .8. .3 = 24. Am. 
Prop. 88.^Hi)w inany bottles of eitliei' size, viz; i, ?, | or •,% 
galloHS capacity will be required to hold 24 gallons ! 

24x| = 36,34xi = 43, S4xJ = 33,24>;^» = 39. Am. 
Prop. 89. — From a cask containing 45 gallons of 96 per eeiil, 
alcohol, how much must be drawn out and replaced with wiktfi'. 
to make 45 gallons of 90 percent, alcohol! 
(90-90) X 45-^90 = 31ggaUona. Ans. 
Proof.— (43-SlS) x 96+43 = 90. See page 117. 

Prop. 90.— Three persons alart together from the same poiut in 
the circumference of a circle and travel around it in the same di- 
rectioa ; one makes } of a revolution in a day, another -ft, and the 
third }i ; in how many days will lliey be together again at the 
point of starting ? 

Rule. — Bcduco the given relations to a common denominator, 
and divide that denominator by the greatest common measure of 
the nnmerators; or reduce tne given relations to their lowest 
cummon numerator and divide the least common multiple of tlie 
denominators by that numerator ; or reduce the given relations to 
their lowest terms, and divide the least common mtiltiple of the 
denominators by the greatest common measure of tlie nuraeralora. 
rs.. 1800.. 1440 , 
^4500—""^ 
4f) I 3375.. 1800. .1440 4500 



Example.— J. -A- -H = 

a I 3375.. 1800. .1440 4500 ,^ , 
I 75 40 S3 = ^|5-^l*"'ay«' 



Orf..A..H = 'J.4J--?!, and 41 33. .60.. 75 
15 8.. 15.. 75 

I 8.. 1.. 5 = 3400^-34 = 
100 days. Ans. 
Or t .A. .H = }. -^ -A-, and 5 I 4. ,5. .35 

|4..1.. 5 = 100 

— ■■ ■ ■ =^ 100 days. 

1 i3..3..8= J Am. 

Prop. 91. — Two travelers start from two points which are 76|- 

miles apart, and travel toward each otlier till they meet, when one 

has traveled llf milca more than the other. How many miles has 

each traveled f 

Let X represent Ibe shorter distance ; then 

x+x+ni ^ 76J, 2x = 70i~llf = 64i, and « = 

a+lli = 



f Ans. 
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